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EDITOR'S  PREFACE. 


The  scope  and  purpose  of  this  work  are  suflSciently 
stated  in  the  authors'  preface.  The  need  of  such  a  work 
has  often  been  felt  in  directing  the  work  of  advanced 
students  especially,  and  it  is  with  the  hope  of  aiding  them 
that  it  has  been  undertaken  to  place  the  contents  of  this 
work  within  their  easy  reach.  Because  of  numerous 
mistakes  in  the  references  in  the  original,  all  of  those 
which  refer  to  Plates  in  the  atlas  have  been  verified  or 
corrected,  and  also  as  many  of  those  which  refer  to  the 
literature  as  were  accessible.  A  few  references  to  original 
articles  in  EngUsh  have  been  inserted. 
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Daubif  Jumestly  arrived  at  and  acknowledged,  is  better  than  apparent 
certainty  without  a  statement  of  those  things  upon  which  it  depends. 


Fob  years  my  brother,  J.  F.  Lehmann,  the  publisher 
in  Munich,  has  requested  me  to  furnish  him  for  his 
** Medical  Atlases''  one  which  would  simplify  bacterio- 
logic  dia^osis.  After  I  had  long  refused  to  undertake 
the  vast  labor  which  this  would  necessitate,  a  fortunate 
circumstance  in  the  summer  of  1894  led  me  to  accept  the 
plan.  I  discovered  in  Dr.  R.  Neumann,  who  was  working 
in  bacteriology  in  my  institute,  so  excellent  a  talent  for 
drawing  and  painting  that  I  proposed  to  him  that  he 
undertake  the  work  with  me.  Whether  we  have  solved 
the  problem  remains  for  the  critics  to  decide.  It  seems 
to  me  that  the  plates,  painted  by  Dr.  Neumann  with  un- 
tiring zeal  under  my  continual  super\-ision,  and  carefully 
reproduced  by  the  lithographer  Fr.  Reichhold  in  Munich, 
are  a  useful  addition  to  our  means  of  teaching.  With  few 
exceptions,  the  reproduction  leaves  little  to  be  desired.  At 
least,  we  have  haxl  the  satisfaction  of  finding  the  pictures  of 
great  advantage  in  our  own  work  and  in  tliat  of  numerous 
gentlemen  working  in  our  institute.  We  carrie<l  out  many 
investigations  regarding  the  method  of  illustrating  before 
selecting  the  one  employed,  which  may  be  considered  as 
almost  entirely  satisfactory. 

At  the  present  time,  wlien,  properly,  photography  is  so 
much  used  for  the  objective  representation  of  objects  in  the  . 
natural  sciences^  especially  those  of  bacteriology,  many  will 
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look  with  BUBpicion  upon  a  painted  bacteriologic  atlae.  We 
hope,  however,  that  the  unprejudiced  critic  will  concede 
that  for  certain  objects  (atab,  streak,  and  potato  culturcB) 
a  well-colored  representation  surpasses  the  best  pboto- 
graph,  and  that  for  a  second  group  of  pictures  (plate- 
colonies  slightly  magnified)  a  drawing,  which  can  alone  do 
justice  to  the  depth  of  the  object,  is  at  least  equal  to  a  pho- 
tograph. We  gladly  acknowledge  that  for  the  representa- 
tion of  individuals  magnified  1000  times  photography  is 
the  best  method  ;  but  there  IB  now  scarcely  any  doubt  that 
for  tlie  practical  differential  diagnosis  of  bacteria,  only  in 
somewhat  rare  cases  is  the  picture  of  the  individual  of 
primary  importance.  We  have,  moreover,  sought  to  take 
advantage  of  the  photi^raphic  method  wlien  the  individ- 
uals were  to  be  represented,  by  conjparing  the  splendid 
photographs  in  the  atlas  of  C.  Frankel  and  R.  Pfeifter,  and 
also  those  in  the  literature  (by  Loffler,  Heim,  Koux,  etc.), 
with  our  own  preparations. 

The  choice  of  varietieB  for  illustration  was  oft*n  very 
difficult.  To  our  great  pleasure,  we  were  able  to  present, 
with  the  exception  of  about  4  per  cent. ,  only  originals  in 
the  atlas ;  while,  naturally,  those  required  as  supplements 
to  the  text  are  more  often  copies.  In  the  latter  case  the 
original  source  is  always  given.  Varieties  important  from 
a  medical  8tand|>oint,  especially  when  they  present  any 
viable  characteristics,  could  scarcely  be  omitted;  also, 
almost  all  varieties  pathogenic  for  animals  are  introdu<%d. 
Chtomogenic,  zymogenic,  and  saprogenic  bacteria  were 
never,  to  our  knowle<lge,  bo  extensively  represented  be- 
fore; novcrthcloas,  in  this  portion  a  careful  choice  was 
required.  We  acknowledge  that  some  among  those  selected 
midit  have  been  omitted,  and  others  chosen. 

The  text  is  dirided  into  a  general  part,  which  I  have 
prepared  alone,  and  a  sgiecial  part,  in  which  I  have  re- 
ceived the  constant  coojteration  of  Dr.  Neumann. 

The  general  part  furnishes  a  condensed  survey  of  the 
princip^  properties  of  bacteria  so  far  as  they  are  of  prac- 
tical value,  CBpccially  bo  far  as  they  are  of  diagnostic  aid. 
It  is  asBUnmi  that  the  reader  has  masterwi  the  ordinary 
elementa  of  hacteriologic  technic,  hut  at  the  request  of  llie 
publlBher  we  have  appended  a  short  list  of  media  rules  for 
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stains,  etc. ,  and  constant  reference  is  made  to  them.  More 
complete  information  in  these  matters  is  furnished  by  the 
well-known  works  of  C.  Frankel,  Giinther,  Hiippe,  and 
in  especially  painstaking  minuteness  by  the  exhaustive 
work  of  Heim:  **Lehrbuch  der  bacteriologischen  Unter- 
suchung  und  Diagnostik." 

The  special  part  attempts  to  give,  so  far  as  possible  in  a 
natural  botanical  arrangement,  a  complete  description  of 
the  important  varieties,  with  constant  reference  to  less  im- 
portant ones  which  for  any  reason  are  worthy  of  notice. 
Those  which  we  have  described  in  detail  we  have  also 
thoroughly  investigated,  thus  supplying  many  previous 
omissions.  ^  A  great  part  of  the  related  species  have  been 
studied  so  far  as  time,  strength,  and  opportunity  allowed. 
Of  new  **  species, '*  we  have  introduced  only  a  very  few; 
identical  varieties  described  under  various  names  we  have 
grouped  together;  and  in  many  places  we  have  directly 
tried  to  build  up  a  natural  system.  It  was  evidently  im- 
possible to  oflFer  anything  complete  or  final  in  the  treat- 
ment of  the  non-pathogenic  varieties. 

Moreover,  we  are  of  the  opinion  that  the  advance  of  bac- 
teriology, which  we  seek,  especially  the  elucidation  of  the 
questions  of  variability,  relation,  distribution  in  and  out- 
side of  living  organisms,  etc.,  cannot  be  accomplished  by 
one  or  several,  but  only  by  systematic  national — or,  better, 
international— cooperation  of  investigators  under  a  grand 
division  of  labor.  One  task  for  this  cooperation  would  be  to 
so  improve  and  remodel  the  present  often  unprecedentedly 
arbitrary  and  unscientific  nomenclature  of  fission-fungi 
that  it  will  not  challenge  the  derision  of  every  scientist. 
(Compare  Introduction  to  Special  Part.) 

Not  infrequently  our  observations  did  not  agree  with 
certain  statements  of  various  respected  observers,  but 
we  have  always  expressly  acknowledged  the  same,  and 
especially  have  pointed  out  the  contradictions  and  defects, 
hoping  thus  to  do  service. 
For  an  extensive  reference  to  literature  we  have  found  no 

*  If  this  were  oonscientiously  done  by  all  editors  of  baoteriolo^^' 
works,  there  would  be  at  least  a  partial  elimination  of  the  varietieB 
which  are  non-critical ly  enumerated,  absolutely  insufficiently  de- 
scribed, and  often  repeated  under  different  names. 
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room,  but  have  only  employed  citations  to  facilitate  detailed 
Btudies,  especiaily  pointing  out  recent  reviews  with  numer- 
ous references.  Every  bacteriologic  investigator  will  be  un- 
able to  dispense  with  the  aids  which  we  have  employed: 
Centralblatt  fiir  Bakteriologie  und  Parasiteukunde  (Redak- 
teur  Uhlworm,  Kassel,  seit  1887),  Baumgarten's  JabreB- 
bericht  iiber  die  pathogenen,  und  Koch's  Jahresbericht  iiber 
die  zymogenen,  etc, ,  Organiamen.  By  their  comprehensive 
index  they  quickly  furnish  a  complete  abstract  <if  literature. 
If  we  have  been  able  to  somewhat  further  the  diagnosis 
of  bacteria,  to  lighten  the  task  of  the  beginner,  to  indicate 
the  numerous  difficulties  of  this  work,  which  are  partly  un- 
determined and  too  little  appreciated,  then  we  are  rewarded 
for  the  great  labor  which  we  have  expended.  We  hope 
especially  to  furnish  the  student  in  bacteriology  a  suo- 
stantial  aid,  and  to  make  it  possible  for  him  to  better 
appreciate  what  is  seen  and  heard.  We  beg  our  critics 
not  to  censure  too  strongly  defects  and  mistakes,  which 
rily  entered  because  of  the  enormous  material. 

Pbof.  Dr.  K.  B.  Lkhmamk. 
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Sooner  than  we  dared  to  hope,  a  large  German  edition 
of  this  work  has  been  exhausted;  the  English,  Italian,  and 
Russian  editions  also  have  found  a  large  sale.  We  accept 
this  as  an  indication  of  the  practical  value  of  the  book. 
With  special  pleasure  we  have  observed  in  the  numerous 
reviews  of  the  book  that  its  reformative  tendency  in  regard 
to  the  grouping  of  varieties  of  bacteria,  the  strict  division 
of  the  system  especially,  the  rational  naming  of  bacteria, 
etc.,  have  found  warm  praise.  The  text- books  of  Heim 
and  Mez  have  accepted  our  nomenclature  entirely  or  in 
part.  For  many  new  names  in  Fliigge-Kruse's  work, 
which  appeared  a  few  months  after  ours,  according  to  the 
rule  of  botanical  systems,  the  priority  remains  with  us. 
Moreover,  where  we  have  found  that  properly  selected 
names,  older  than  those  which  we  chose  in  the  first 
edition,  existed,  we  have  naturally  strictly  adhered  to  the 
rule  of  priority.  We  affirm  with  pleasure  that,  because  of 
our  exact  observations  and  of  reliable  statements  in  the 
literature,  the  carefully  championed  view  of  the  exceed- 
ingly great  variability  of  bacteria  finds  more  and  more 
recognition,  and  that  the  authors  who  to-day  describe 
*'new  species"  are  in  the  main  fewer,  as  is  witnessed  by 
the  intelligent  views  advanced  by  the  collection  of  bac- 
teriologists in  New  York  in  1895  (C.  B.  xx,  450). 

The  opinion  advanced  from  an  esteemed  source,  that  the 
constant  emphasis  of  variability,  of  the  limits  of  our  knowl- 
edge, and  of  the  uncertainty  of  known  methods,  may  some- 
times discourage  the  beginner,  may  not  be  entirely  un- 
founded. Yet  we  believe  this  absolute  frankness  to  be  an 
advantage,  even  if  thereby  the  dogmatic  sharpness  of  the 
statements  should  sometimes  suffer.     With  beginners  one 
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may  and  muet  leave  much  unaaid  in  order  not  to  confuse; 
but  ever  so  short  a  text-book  can  only  claim  the  dtaigno- 
tion  ot  science  if  the  student  can  follow  the  author's 
thoughts-  Besidea,  for  the  learner  there  ia  no  greater 
satiBfaction,  when  he  comes  upon  difficulties,  than  the 
certain  statement  that,  in  a  certain  point,  the  imperfec- 
tion of  our  knowledge,  and  not  his  inability,  is  the  cause 
of  the  difficulty. 

The  fruitful  labors  of  all  investigators  in  the  field  of  bac- 
teriology made  necessary  a  complete  revision  of  the  text  in 
both  the  general  and  special  parts.  In  the  general  part  the 
discuaaion  upon  the  causes  of  disease,  disposition,  and  im- 
munity is  substantially  extended.  Beginning  with  page 
1 19  is  an  exposition  of  the  most  important  botanical  points 
of  view  which  are  important  in  classifying  and  properly 
naming  fission-fungi.  In  the  special  part,  in  fifty  vaneties 
dependent  upon  autopsies,  we  have  made  additions  and 
improvements;  about  eighty  varieties  are  newly  intro- 
duced. We  liave  BBpeciaUy  undertaken  fundamentally 
new  work  upon  the  causes  of  diphtheria  and  tuberculosis, 
together  with  the  related  varieties.  It  is  hoped  tliat  the 
value  of  the  atlas  is  essentially  increased  by  the  introduc- 
tion of  nine  new  plates,  .which  replace  three  old  ones 
(diphtheria  and  the  allied  bacteria,  varieties  related  to 
the  tubercle  bacillus,  gonorrhea,  and  pest). 

The  literature  ol  the  past  three  years  has  been  conscien- 
tjuusly  studied;  many  statements  are  substantiateil,  and 
everything  which  seemed  of  importance  in  the  publications 
up  to  about  June,  1899,  is  taken  up.  We  hope  that  we 
have  made  a  proper  selection  from  the  almost  immeasur- 
nble  materiiil,  which  increases  daily.  Perfection,  naturally, 
we  cannot  expect:  some  small  mistakes  and  oversights 
could  not  be  avoided.  The  division  of  the  work  was  the 
e&me  as  in  the  first  edition. 

K.  B.  Lkbm.^nn. 

E.  O,  Neumann. 
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GENERAL  BACTERIOLOGY. 
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A-  G.  A.  =  Arbetten  bus  deDi  Kaiaerlichen  Gisuiidheitaamt.    Berlin. 
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A.  Introduction  to  the  Morphology  of 
Bacteria. 

By  bacteria  (spaltpilzen,  schizomycetes  uf  Niigeli) 

wc   understand  a   very  large  group   of   lower   vegetable 
oi^nisms,  morphologically  very  simple  and  unifonu,  but 
biologically  extraordinarily   differentiated,  which  are  so 
connected  with  both  the  lower  alga; '  and  fungi  by  tran- 
sition forma  that  a  sharp  separation  hy  an  accurate  defini- 
tion is  difficult.    Arthur  Meyer  emphasizeB  the  relationship 
^_0f  the  spore-forming  varieties  to  the  ascomycetes,  in  which 
^Wie  spore-forming  cells  appear  as  asci.     Indeed,  bacteria 
^Eear  a  great  resemblance  to  the  simple  flagellata,  which 
^Htre  UBUaJly  conceived  as  animals. ' 

The  foUowiilg  definition  may  at  least  serve  the  practical 
requirements  of  experimental  bacteriology. 

Small  unbranched  '  cells,  rareb/  more  than  S,  hardly  ever 
S~S  IX  in  Ihickrmss,  abnod  *  always  without  chlornphyl,  sj/her- 

'  Reoentlj  we  have  learned  that  the  Kreen  lower  alfix  alao  poH^'Hs 
pantile)  colortcffl  tfunis,  which  con  be  olitnined  from  them  by  culturra 
(Beyennck);  oooipBrealso  Liidnig,  C.  B.  L.  II,  34S. 

•  Oomport  Biitaclili  in  Broan's  Klaasen  des  Tierreiclies,  Bd.  i,  Abt, 
1^  tlaatigophora. 

*  Brgarding  the  branching  forms  nearly  related  to  tioct^riii  coiiipare 
^19. 

*Prnoticnlly,  important   bacteria  with  chlorophyl   are  unknown. 

t  the  grfen  tudpole  Itaoilluit  (Kanl<|imppi!nl>»oilluB)  n[  J.  Frenzel 

t  be  reoof^ized  as  a  bnotrriam  |Z.  H.  xi,  21)7}.     There  is  more 

'  '  M  to  tiif  relation  ol  Dan^ceard's  Enliacilhis  nialtiNporii!!  to  the 

s  (C,  B,  X,  745),     L.  Klein  described  eolorieaa  varietiea  with 

sporm  (C.  B.  Vii,  MO). 
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iad,  rod,  thread,  or  spiral  t'n  fonn,  with  no  organs  except 
Jiagella  which  are  %t»ed  for  locomotion.  Vegelaiive  increase  u 
by  transverse,  very  rarely  by  bmgiludiruU  diviMon.  A  seriee 
of  varieties  form  roundish,  endogenoiiR  resting  spores  ;  in 
others  there  have  been,  or  asserted  to  have  lieen,  observed 
couidia-like  formations  (artbrosporcs).  Otlier  means  of 
propagation  have  not  been  obaer\'ed. 

Bacteria  occur,  so  far  as  we  know,  only  in  the  following 
forms,  which  were  first  perfectly  named  by  H.  Buchner: 


Fig.  1.— Forms  of  baoteria  (afu-r  Biichncr). 


Individual  Orowth  Porins. 

SpSenatlform  ( Kntrelfomi j  {a). 

Omtform  (Oviilform)  (i):  lengtli,  at  most  2  >'  the  width. 
ShoH  rarfj.  iKiirmtehchen)  (c):  length,  2-1  V  widUi. 
Long  roiU  ( L»ii|Brtuboben)  ( d) :  length,  4-R  X  witltli. 
Thrmd/ormti  ( Fadenlom)  (e). 

fl^FiVm™- (lUlhBohmnbe)  =  comma  (/);  ft  very  short 
Nrew;  ml  must,  tiair  the  Cnm  of  n  scrfw. 
Otortterat  ( Korrachraulw}  {g):  oaliort  turn  of  a  minis 
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L(mg  screw  (Langacbraube)  =  spiral  form  (A) :  all  screw  forms  posseas 
either  steep  or  flat  turns. 

Spindle  forms  (Spindelform)  (i). 

Oval  rods  (0\'alstabcben)  {k)  arc  differentiated  from  tbe  spindle  form 
by  less  tapering  ends,  from  the  oval  form  by  tbeir  greater  length  = 
2-4  X  the  width. 

Clubbed  form  (Eenlenform)  (/). 

Growth  Groupings. 

Diplococcus  (Doppelkngel)  (m)  with  barely  perceptible  separation: 
Biacnit  form  (n). 

Streptococcus  brevis  (Kugelreihe)  (o)  up  to  8  cocci ;  with  barely  per- 
ceptible separation  :  Toru&  form  (  »). 

Streptococcus  longus  (KugelfadenHg),  or,  if  bent,  Rosary  form (Rosen- 
kranzform)  (s) ;  with  barely  perceptible  separation  :  Torula  threads  (r). 

Staphylococcus  (Traubenform)  (0-  Diplobacillus  (Doppelstabchen) 
(«).     Jointed  threads  (giederfaden)  (r). 

Tetrad  (Tetradenform)  (tu):  plane  grouping  of  4,  8,  16,  etc.,  cells. 

^ioretfia  ( Wurfelform)  (x),  cubical  form  :  solid  grouping  of  8,  32, 
etc.,  cells. 

Branching,  i.  <?.,  springing  up  of  a  side  bud,  was  until 
recently  unknown  in  connection  with  bacteria,  and  it  is, 
at  all  events,  rare.  Besides  in  others,  it  is  well  established 
in  the  so-called  tubercle  and  diphtheria  bacilli  as  a  frequent 
appearance,  and  thus  it  is  demonstrated  that  here  forms 
occur  which  do  not  strictly  belong  to  bacteria. 

Exceptionally,  true  branching  appears  to  occur  in  other 
varieties.  Heim  mentions  it  in  Bact.  fluorescens.  Vin- 
cenzi  (C.  B.  xiv,  149)  appears  to  have  observed  the  same 
in  tetanus,  but  in  spite  of  special  care,  we  have  made  no 
similar  observations. 

Often  pseudodichotomy  is  confused  with  branching  and 
dichotomy.  According  to  BabSs  (Z.  H.  xx,  412),  it  occurs 
not  infrequently  in  the  most  typical  bacteria,  and  consists 
in  this,  that  either  the  lower  member  of  a  thread  grows  past 
the  side  of  the  upper  member,  or  that,  in  a  row  of  cocci, 
the  division  of  a  coccus  parallel  to  the  direction  of  the 
string  suddenly  creates  the  beginning  of  a  second  thread. 
Stolz  (C.  B.  xxrv,  337)  has  recently  studied  exhaustively 

*  Some  authors  falsely  designate  this  true  branching  as  true  dichot- 
omy, but  true  dichotomy  means,  according  to  botanical  usage,  only 
the  division  of  the  growing  ends  of  threads  into  two  equal  twigs,  and 
it  \&  not  certainly  known  to  occur  in  bacteria. 


MnitrtiiiLon  Y. 


lahliv 


streptocooci, 
i^'i'.tif  virv  [i-'i|iiF'(iiiy  ;  unii'i'ii,  ivr  Jiiivi.'  tifti'ii  seen  it. 

|lit|ffirilii>K  l)i'  Ntructurc  u(  the  bacterial  cell,  much 
tiiM  Imw'ii  ri'tnAiUy  wi'ilU'ii.  1  tmist  limit  myself  to  what 
mmttw  U>  if>»  Diti  iiiiiHt  ijnihublu. 

AnvitiHiih  In  Alfntl  Fisclior,'  the  conditions  are  very 

<f  Imcteria  consist  of  a  cell -membrane, 

,  anil  a  central  fluid.     Regarding  a 
In  Hiitine  BoliitionH  (Rodium  chlorid, 
fnitJumUilfi  ritlriit<%  ntf. )  tluTO  iiccurs,  tho  more coiiceutrated 


it)ffif'l/<fKlK.  '0: 


fin.  3      )'»<ulMll"li»l<>rii}'  : 


ciUi ;  h,  in  strppUNXicai. 


Fig.  n.  — Rnoliriin  oxnliillinut  Mlgulu  (oTter  Mignln). 

I  Uie  BoUilion  the  nmn?  mpidly,  through  abstmctioQ  of 
'  water,  a  "  plesmolysls," — i.  e.,  a  contraction  of  the  maes 
\  of  pTOt<>  plus  111  with  partial  reparation  from  the  cell-mem- 
T  brane.  *  Thus  arc  cxpliiincd  Tiiany  clear  vacuoles  which 
ur  in  an  ordinary  cover-glass  preparation  of  many  bac- 
I  toria  (for  example,  B.  typhi),  and  which  were  formerly 


f  Unletsucliuiigpn  tib«r  don   Bau  iIpt  Cyannphyoeen   uiul   BHkterieii., 
\  J«M,  ISS7. 

*  Freqnenllj  the  dryln^r  on  the  i»i  i:r'i;liv«<  b  Hufni-icnt  to  produoe 
^t  I^Otare  of  pIiUniolyaiD. 
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looked  upon  as  spores.  (Compare  Fig.  4,  a,  b,  c.)  In 
water,  this  shrinking  rapidly  disappears,  and  also  under 
the  prolonged  action  of  saline  solution. 

Mignla  (A.  K.,  Bd.  i),  simultaneoualj  and  independently,  reaches 
the  flame  opinion  as  A.  Fischer  regarding  the  very  large  BaeiUus  oxal- 
atieus,  a  spore-forming  variety  related  to  the  hay  bacillos.  It  happens 
especially  in  this  that  in  the  pressing  outward  of  the  protoplasmic 
layer,  the  central  fluid  space  becomes  distinct ;  in  dehydrating  media 
it  becomes  smaller;  in  water,  larger. 

While  the  botanists  have  hitherto  sought  in  vain  for  a 
true  nucleus,  Arthur  Meyer  would  recognize  it  in  small, 
single,  oval  granules,  staining  with  Ruthenium  red  and 
potassium  iodid  (Flora,  1897,  Band  84,  185).     Compare 


yt 


a  h  e 

a.  Spirillum  undula.       (,  Bacillus  Solmsii.       e,  Vibrio  cholerse. 

Fig.  4. — Plasmolysis  (after  A.  Fischer). 

also  the  hitherto  scarcely  studied  observations  of  A.Wagner 
(C.  B.  XXIII,  433),  according  to  which  nuclei  were  easily 
stained  by  primulin  and  hot  Bordeaux  red. 

In  the  interior  of  bacterial  ceUs  there  are  found,  after  proper 
staining,  very  many  varieties  of  peculiar  granules,  which 
Babfes,  who  discovered  them,  named  metachromatic 
bodies  (i.  e.,  staining  differently  from  the  cell-body). 
Ernst,  the  first  accurate  investigator  of  these  bodies,  called 
them  nuclei  or  sporogenic  granules. 

While  I  refer  to  the  literature  of  Bab^  (Z.  H.  XX,  412),  which  is 
rich  in  controversy,  I  give  only  the  seductively  clear  view  of  one  of  the 
latest  investijtators  of  the  subject,  R.Bunge.  Bunge  (Fort,  der  Med., 
XIII,  813  and  853)  distin^iishes  : 

1.  Erni4^n  granules.  They  stain  blackish-blue  when  treated  with 
warm  Loffler's  methylene-biue,  washed  in  water,  and  after-stained 
with  Bismarok  brown.     These  granules  are  entirely  absent  in  many 
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spore-forming  viuietieH  (antlirox,  mcKittlierium ),  and  in  othera  it  oan 
lie  shown  that  thej  have  nothing  to  do  with  uporta.  They  are  there- 
fore grannleH  of  unknown  rank. 

2.  Antcrrdmtsoftporet\Bttngc'sgrnnyile»).  Small  gran ulm,  usnaliy 
oocprring  multiple  iu  eponilating  cells,  not  staining  according  to 
EmNt'a  method,  hut,  on  the  oontmry,  in  boiling  Liiffler's  solution. 
They  are  best  shown,  after  previons  treatmeut  of  the  dried  preparation 
with  chromic  acid,  sodium  pcroiid,  or  hydrogen  peJuxid,  according  to 
the  ordinary  Hpure  staining.  (See  Teclinical  Appendix. )  The  per- 
fected q>orea  are  formed  by  the  union  of  many  small  anteoedenta. 

Bnnge  explains  the  oontroversy  which  has  occnrred  as  due  lo  much 
confusion  regarding  the  two  varieties  of  grannies. 

Regarding  the  eel  I -membrane,  it  is  especially  to  be  re- 
marked tlmt  it  often  appcara  som<;what  swollen,  and  not 
sharply  outlined  from  without.  In  many  haeteria  ("cap- 
sule-bacteria" of  authors)  the  thickening  of  tht-  membrane 
or  ita  outer  layer  is  so  extreme  that  the  bacteria  appear 


I 


(«^ 


Bnoillns  anthracis      Streptoooocni 
(Fricdlander).  (Cohn).  latus  (tiai 

Fig.  5.— Qipanle-forniation  (seheniutic). 
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sarrounded  by  a  true  mucous  envelope  or  capsule,  which 
is  dietinguiRhed  by  il»  */i'jfA/ aUiininf;  property  with  aiiilin 
dyee.  It  is  an  inU^rfeting  fact  that  moHt  of  these  capsule- 
hrminfj;  baclfria  only  form  these  envelopes  if  growing  either 
in  the  animal  Imdy  or  upon  very  special  media, — fluid 
blood-serum,  bronchial  mut-us.  and  also,  according  to  Paiil- 
aen,  upon  milk. '     Upon  gelatin,  agar,  and  potato,  nothing 
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of  these  capsules  appears.  See  also,  in  the  special  part, 
Streptococcus  involutus  and  mesenterioides.  Extensive 
review  of  literature  by  Binaghi,  C.  B.  L.  iv,  919. 

Characteristic  unilateral  thickenings  or  swellings  of  the  bacterial 
membrane  are  presented  by  Bact*  pediculatum,  which  is  described 
as  an  nnoommon  cause  of  the  '*  frog-spawn  disease ''  of  sugar  factories 
(Fig.  6). 

Regarding  especially  striking  membrane  thickenmg  at  the  ends  of 
threads  (club  lomiatlon),  see  those  of  actinomycetes. 

The  outer  surface  of  bacteria  is  often  perfectly  smooth 
and  without  appendages  in  the  short  bacilli,  and  almost 
always  in  the  spherical  forms,  but  the  longer  rods  and  spiral 
forms  are  usually  provided  with  delicate  single  or  multiple 
flas:ella.  These  are  often  distributed  over  the  whole  body 
of  the  bacterium,  often  form  only  a  little  bunch  at  one  end, 
and  often  there  is  found  but  a  single  polar  flagellum.  Bac- 
teria with  polar  flagella,  shortly  before  division,  show  a 


Fig.  6. — Bact.  pediculatum  (after  Koch  and  Hosaus). 

single  flagellum  or  a  bunch  of  flagella  at  edch  end.  As  A. 
Fischer  particularly  showed,  flagella  are  not  of  the  nature  of 
retractile  and  extending  pseudopodia,  but  true  hair-like 
outgrowths.  For  the  demonstration  of  flagella  it  is  neces- 
sary to  treat  the  bacteria  with  especially  powerful  staining 
agents.  In  this  process  the  capsules  of  the  bacteria,  which 
remain  unstained  in  the  ordinary  method,  are  stained,  and 
so  the  bacteria  appear  very  much  thickened.  Occasionally 
wide  layers  of  capsule  remain  unstained  and  the  flagella 
are  then  set  upon  a  narrow  ring-like  halo,  separated  ifrom 
the  bacillus  by  a  colorless  zone  (Zettnow,  von  Stocklin, 
A.  Fischer).    Unfortunately,  very  many  of  the  procedures 

made  plainly  visible ;  also  in  this  manner  distinct  capsules  are  obtained 
in  B.  megatherium,  oxalaticus,  etc.  Bab^  has  depicted  capsules  in 
connection  with  the  Streptococcus  pyof^enes,  and  we  have  ourselves 
occasionally  seen  similar  formations  in  the  case  of  many  bacteria. 

MasHffl  of  bacteria  which  are  united  into  mucous  clumps  by  swelling 
of  the  capsules  (often  a  sign  of  death)  are  called  **  zooglea." 


employed  in  Btaining  lead  to  a  shedding  and  degenen 
of  the  flagelln,  so  that  their  faultless  presentation  is  o 
a  difficult  task.     (See  Technical  Appendix.) 

The  following  figures  give  a  schematic  view  of  the  tl 
types  of  equipmeut  of  bacteria  with  flagella.     Many  pic-  I 
tures  of  individual  varieties  are  found  in  the  atlas. 

Inonltiirraor  bnoterU  with  sbnndBnt  flagella,  ttiere 
M  fimt  pointed  out  hy  LTif&er,  n  peculiar  ttift-like  formation  a 
or  braketi-ofl  flntti'lla,  intertwined  with  each  other. 

The  ability  to  form  flagella  may  be  eompliitely  lost  for  J 
generations — whether  ptrmanenOy  we  do  not  know.     Com- 
pare Micr.  agilis,  Sarcina  mobills  (Lehmann  and   Neu- 


'-^ 


^S^i   ^  ir 


Fig.  7.— Types  of  flr^lta  t  a,  Vibrio  oholene,  one  flngellmn 
thceiiil— Monotrkhla  typeib,  Biu^t.  Hytu'.yuneani,  tuftot  nagvllant  ' 
the  eud,  rati>ly  at  the  nidi.' — ^Lophotrkhia  type  ;  <',   Iluct.   vulgare, 
Sap-ltn  arnuiged  all  abou  t^  Peri  t  rich  la  type. 


mann).     There  have  occurred  non-niotilu  forniB,  which 
were  found  for  months  by  various  autliore  to  be  without  | 
motion,  which  lator  acquired  flagella  and  became  actively  I 
motile  (Lehmann  and  Zierler).     Compare  Bac.  implexua. 
Deceptions  may  thus  occur  in  that  many  varietit's,   in 
spite  of  lieing  provided  with  flagella,  are  only  elightJy  or  \ 
not  at  all  motile.     Also,  on  the  other  hand,  in  many  vari- 
eties the  staining  of  flagella  is  bo  difficult  that  without 
anything  mure  certain,  a  variety  cannot  be  designated  as 
deviiid  of  lliigclla  bwauHe  it  does  not  ninv(^. 

Tlic  ordinary  vesetatlve  muUI  plication  of  bacteria 
occurs  through  transverse  fission  in  the  middle  of  slightly 
(c<xfi)  or  considerably  elongated  bacterial  colls.     Ab  a 
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rule,  after  division,  the  micro-organisms  separate,  but  the 
contrary  also  occurs  in  the  case  of  bacterial  groupings,  as 
where,  for  example,  chains  of  cocci  or  bacilli  are  present. 
Under  definite  conditions  of  nourishment  there  occurs  in 
bacteria,  vibriones,  and  higher  fission-fungi,  the  formation 
of  longer  threads,  which  further  may  always  again  break 
up  into  segments.  According  to  all  the  recent  observa- 
tions, the  division  of  the  cells  proceeds  from  the  outer  pro- 
toplasmic layer. 

Although  longitudinal  growth  with  transverse  fission  is 
the  rule  for  the  host  of  bacteria,^  still  in  certain  families — 
for  example,  sarcina — ^there  occurs  a  regular  division  in 
three  main  planes,  and  at  least  occasional  division  in  two 

f)lanes  at  right  angles  to  each  other  is  observed  in  very  dif- 
erent  bacteria, — for  example,  in  streptococci, — whereby 


Fig.  8. — Arthroepores  of  the  vibrio  cholerse  (after  Hnppe). 

there  may  be  produced  cells  with  four  parts  and  forkings 
of  the  chains.     (Compare  Fig.  2.) 

From  the  ordinary  vegetative  multiplication ,  propagation 
by  spore-formation  is  to  be  distinguished.  To-day  there 
are  recognized:  (1)  Endospores — strongly  refracting  oval 
or  round  bodies,  situated  in  the  interior  of  cells,  which,  as 
a  rule,  possess  considerable  resistance  to  injurious  agencies 
(heat,  drying,  chemicals);  and  (2)  arthrospores  (Do 
Bary,  Hiippe) — i.  e.,  bud-like  constrictions  of  the  ends  of 
the  cells.  Also  these  (Fig.  8)  should  be  characterized  by 
increased  resistance,  yet  recent  authorities  have  never  ac- 
knowledged that  the  proof  of  resisting  arthrospores  has 
succeeded  without  objection.  (Compare  Vib.  cholerae  and 
Strept.  pyogenes.) 

'  A  loDgitadlnal  division  in  bacilli,  althongh  rare,  is  undoubtedly 
observed  (Bab^  Z.  H.  xx,  412).  Stellate  di\'iaion  has  been  observed 
by  MetBobnikc^  in  a  sporulating  oT)2:anism  named  "  Paateuria,''  but 
it  soaroely  belongs  among  the  bacteria  in  the  restricted  sense. 


26  MOEPllOLOGY. 

Ill  tlm  following,  tliert'fori*,  whtTe  the  term  spore  is  used, 
only  endogenous  resting  forms  are  to  be  undersUxxl. 

fliL'  origin  of  endospores  ])rocecils  aimilarly,  but  not 
identically,  in  the  individual  varieties.  For  tbe  invetjtiga- 
tioii  of  a  certain  variety  as  to  spore-formation,  as  a  rule  we 
employ  an  agar-streak  or  potato  culture,  which  has  been 
grown  at  a  temperature  near  the  optimum  for  the  variety. 
After  twelve,  eighteen,  twenty-four,  thirty,  thirty-six,  ete. , 
hours  portions  of  the  unstained  culture  are  examined  in 
water  with  a  narrow  dtapkrag-m.  If  spherical  or  oval, 
strongly  refracting  spores  seem  to  be  present,  they  must  be 
stained  according  to  Neisser  or  Hauser.  (Compare  Tech- 
nical Appendix. )  For  the  more  eract  following  of  spore- 
formation  it  is  best  to  place  a  few  bacilli  in  a  drop  of  gela- 
tin or  agar,  and,  with  the  aid  of  a  wanning  apparatus  or 
in  a  well-warmed  room,  to  continuously  observe  and  draw 
definite  individuals. 

Motile  varieties  (according  to  Fiaeher)  always  become 
quiet  before  sporulalion,  yet  without  shedding  their  fla- 
gella.  Many  varieties  grow  into  longer  threads,  at  first 
unjointed,  before  spores  form.  To  these  latter  belongs  the 
anthrax  bacillus,  whose  sporulation  will  here  serve  us  as  a 
nimiel.     (Compare  Plate  36,  Figs,  ni  and  vi. ) 

There  is  first  seen  a  delicate  dusty  cloudiness  in  the  pre- 
viously homogeneous  bacteria;  then,  according  to  Bunge, 
inntoail  of  these  finest  dust-like  particles,  a  small  number 
of  slightly  coarser  granules  appear,  which  unite  among 
ih^Tusolves  until  at  regular  intervals  there  lie  small  round 
spares  (3U,  vi),  which  gradually  change  into  the  oval, 
ulnmgly  n-fniding,  mature  spores  (36,  in). 

When  the  ciwre- format! on  is  complete,  there  is  seen  in 
UiD  tlirnid  of  bacilli  a  deliwite  partition-wall  between  each 
two  adjacent  Bjjores  (3lj,  iv }.  SiKiri-s  are  not  matured  in 
all  the  .ii-gments,  although  tbi-  ^tlobuhir  precursors  may 
have  pri'piired  the  way  for  it.  Indeed,  some  varieties, 
an  aftmiil  of  crrbiiu  ip-ddutdti/  inlriithiMii  ralliiral  conilitloiis, 
htse  the  property  of  producing  mature  spores,  only 

Rhvsiolopicallv  worthless  antocwlents  Wing  fi>rmeii  (Roux, 
;.'B.  I,.-hrr...hnl. 
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in  swamp-water  and  studied  by  him,  but  unfortunately  they  were  not 
cultivated  in  pure  culture.  (Bacillus  De  Baryanus,  Solmsii,  Peroni- 
ella,  macrosporus,  limosus).  Uisob6er\'ations  were  as  follows:  With- 
out loss  of  motion,  the  end  of  the  bacillus  swells  somewhat  and  be- 
comes faintly  greenish.  Now  the  whole  content  of  the  swollen  spot 
contracts  into  a  shining  spore  of  a  bluish-green  color  and  highly 
shining. 

Mature  spores  are  arranged  in  the  most  important 
varieties  in  the  following  manner  (Fig.  9):  The  spore  lies 
inside  of  an  unexpanded  short  bacterial  cell  (a),  or  at  the 
extreme  end  of  a  bacterial  cell  (c),  or  inside  of  a  spindle- 
fonned  bacterial  cell,  bulging  at  its  center  (f/),  or,  finally, 
the  spores  occur  in  a  row  in  a  thread,  formed  from  short 
cells,  each  cell  containing  a  spore  (6). 


^ 
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Pig.  9. — Types  of  spores. 

The  sjyores,  before  germination  occurs,  are  usually  free 
(an  exception  occurs  in  spirillum  endoparagogicum),  often 
show  an  indistinct  border,  always  lose  their  luster,  become 
somewhat  thicker,  and  rarely  also  longer.  Usually  after 
one,  two,  or  three  hours  the  spore  membrane  bursts  and 
the  young  rod,  sometimes  suddenly,  sometimes  slowly, 
presses  itself  through  the  rent.  The  germination  in  an- 
thrax is  polar — i.  e.,  the  young  rods  leave  the  spore  capsule 
at  or  near  the  pole  (Fig.  10).  In  other  varieties  (B. 
subtilis,  mycoides,  megatherium)  the  escape  of  the  rod  is 
equatorial  (Fig.  10,  a).  Burchard  describes  also  a  bipolar 
and  oblique  mode  of  escape.  According  to  the  observ^a- 
tions  of  Bunge  (Fort,  der  Med.,  xiii,  813,  853),  in  both 
the  polar  and  equatorially  germinating  varieties,  single  or 
many  individuals  always  present  an  oblique  outgcoN^\li. 
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This  has  been  completely  confirmed  by  myself  and  Dr. 
Hirai  in  Bac.  anthracis,  Bac.  gangrsenosus  pulpa:,  and 
Astasia  asterosporu.  From  what  we  have  seen,  it  appears 
Btningo  to  us  that  Burchard  (A.  K.  ii,  1)  found  twenty-one 
new  species  of  spore-carrying  bacilli,  the  spores  of  which 
all  germinated  so  differently  and  characteristically  that 
he  held  the  occurrence  of  the  spore  germination  (appear- 
ance of  spore,  point  of  germination,  thickening  of  spore 
capsule,  etc.)  to  !ie  a  certjiin  <liagnostic  aid  in  differ- 
entiating the  variety.     Until  now  we  unfortunately  have 
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Fig.  10. — Polar  gi:rmiiiutioii  of  sjiores  in  anthnu. 


•  0C 


Fig.lO  a. — Equatorial  germination  of  spores  in  Bac.  snbtilis. 

not  been  in  a  position  to  confirm  the  statements  upon  more 
extensive  material. 

Regarding  method,  I  may  remark  that  spores  are  allowed 
to  dry  in  a  thin  layer  on  a  cover-glass  ;  a  drop  of  agar  is 
placed  thereon  and  the  hanging  drop  examined  upon  a 
warm  stage. 

In  old  cultures  of  bacteria  there  are  found  almost  always 
dead,  tiften  very  strangely  deformed,  bacterial  cells,  invo- 
lution and  degeneration  forms,  of  which  Plato  36,  Fig. 
V,  and  Plate  51,  Fig.  iv,  give  an  idea.  These  swollen, 
bent,  often  entirely  unreo^uizable  forms  stain  poorly  by 
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■  ordinary  means.     The  beginner  will  i>Eti;n  mistake  involu- 

[tion  forms  for  contaminations,     Plate  cultures  soon  deter- 

ine  whether  one  or  more  forms  of  haeteria  are  present. 


B.  Chemical  Composition  of  Bacteria. 

Qualitatively  considered,  the  bodies  of  bacteria'  cnnsisl 
in  great  part  of  water,  salts,  and  albuminous  bodies  ;^ 
in  lesser  quantily  arc  present  extract!  ve  substances  soluble 
in  alcohol,  and  otiiers  sohihli;  in  ether  (triolein,  tripal- 
mitin.  tristearln,  lecithin,  cholestearin).     In  tubercle 
bacilli  Aronson  found  in  the  etherod  extrnetive  {2.5^  of 
Ibe  dry  substances),  besides  free  fatty  acids,  large  quan- 
tities of  wax,  whose  alcohol  differs  from  cholesterin.     In 
no  variety  of  bacteria  could  E.  Cramer  find  grape-su^ar, 
although  many  varieties  ( Bacillus  butyricus,  varieties  of 
leptothrix)  contain  starch-IIke  masses,  turning  blue  with 
iodin.     True  cellulose  was  found  by  Dreyfuss  in  B.  sub- 
f  :dlig and  a  bacillus  resembling  the  B.  coli;  also,  the  Myco- 
teriuru  tuberculfjsis  forms  cellulose  in  the  animal  body. 
Tie  vin^ar- forming  Bact.  xylinum  prmiuces  such  a  quan- 
ity  that  visiting  rards  have  been  made  from  it  as  a  curi- 
aity.     Prom  adturm  of  Myc.  tuberculosis  and  a  "  capsule 
icillus  from  water"   resembling  the  B.   pneumonia  of 
Mvdliiuder,  on  the  ciintrary,  no  cellulose  was  obtained, 
pOt  instead   tliere  was  found   abundant   mucoid   carbo- 
fcydrat«8,   C,H||,0(,   closely   resembling   hemicellulose. 
KFor  literature,  see  Nishimura,  A.  H.  xvin,  318,  and  xxi, 
jS)-    Scheibler  (Chem.  Centralbl.  xi,  181)  has  described  the 
Bucus-like  material  of  the  StreptociiaTi4s  meeenUHmiles  as  a 

■H.  Bnohaer  has  iliroitMl  that  the  cell-tinntviitc  (bacteria  protn- 

tn)  be  (ibtniRpd  by  tritaratian  and  the  hvdrnulic  press  (3  to  500 

'     es|.    Cuminre  Hahn  (C.  B.  xxin,'86). 

'Albumin  and  sattBCsnconstitntcBBinnch  aaSH;;^  nf  the  dry  hodiFs 

f  twcteri*  (Yibrio  chDletwi;   nn  the  contrary,   on  TuaeV  nx  13$  of 

rdialfs  nioy  he  prtsent  in  the  eapaiili*.     In  bncUiriol  albuniiu 

(A  mxigiiizcd  n  globulin  (Arch.  i.  exp.   Pathnl.  ii,  Phannak. 

atvi,  345).     Host  I niproh«hle  appears  the  stHlempnt  at  Fermi  that 

Mgiawn  nitrogen-free  (!)  miero-organiHma  (C.  B.  L.  II,  505). 
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carbohydrate,  C(,H,oOs,  "dextran";  Kramer  has  obtained 
a  Bunilar  substance  from  tlie  cajisules  of  the  Bac.  viacaswi 
&acckari.  Up  to  this  time,  niiclein  has  not  been  obtained 
from  bacteria  in  any  quantity;  on  the  contrary,  of  the  nvi- 
clein  bases,  xanthln,  guantn,  adenln  have  been  obtained 
in  conaiderable  quantities.  A  number  of  bacteria  con- 
tain sulphur  granules,  which  have  arisen  from  sulphur- 
etted hydrogen  (Beggiatoa  thiothrix).  Others,  still  con- 
sidered aa  belonging  to  the  bacteria  by  many  antliors, 
deposit  oxid  of  iron  in  their  capsules,  obtaining  it  from 
water  containing  iron  (cladothrix,  crenothrix). 

Regarding  quantitative  composition,  the  methodical 
work  of  E,  Cramer  has  added  considerable  light,  though 
up  to  the  present  exact  stitementa  are  submitted  regarding 
only  the  B.  prodigioaum,  B.  pneunionite,  and  some  related 
oi^niams,  and  also  a  series  of  cultures  of  the  Vibrio  choUrx. 
Compare  E.  Cramer,  A,  H.  xm,  71;  xvi,  151,  and  xxii, 
p.  167. 

The  water  content  of  a  culture  grown  on  solid  nutrient 
media,  as  also  the  amount  ol  asli,  depend  m  a  very  large 
measure  upon  the  compoiittim  of  ike  medium. 

For  example,  the  B.  prodijpoautn  oontAinnl,  when  grown  upon  po- 
tato, 31.49^  dry  BUhetanctr,  3.70^  nah  in  the  fresh  substance;  when 
urown  upon  jelluw  lornip,  12,58%  dry  sabetaDoe,  \.'M%  oah  in  the 
treah  substuiice.  Besides  the  eoncentrutioD  of  the  nntrienC  medium, 
higher  temperature  nlid  Uatcned  age  OC  the  culture  net  to  iocreaae  the  dij 
aabatBDoe  and  the  uah. 

Also  the  dry  substance  of  bacteria  varies  in  its  com] 
aition  under  the  influence  of  the  nutrient  medium. 


I  (  Fbitoki.  OBirit-jiiuik. 

Albamin  71.7!t  6SM% 

Ethereal  and  alcoholic  eitmctivea  10.3%  23.71^ 

Ash 13.0456  7.ee?t 

Evident  increase  in  the 


ZM 


i  proportion  of  peptone  in  the 
nutrient  medium  leads  to  an  increase  in  the  albumin  in 
the  bacteria,  while  increase  of  grape-sugar  makes  the  body 
Sblistance  poorer  in  albumin  and  increases  the  alcoholic 
•nd  ethereo'        ■•^ves  (Lj-ona;  A.  H.  xxvm,  ~~' 
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Yet  there  is  much  greater  difference  in  the  dry  substance 
of  the  cholera  vibriones,  if  they  are  grown  at  one  time 
upon  soda  bouillon  rich  in  albumin,  and  again  upon 
Uschinsky's  medium,  free  of  albumin.  Cramer  here  found 
as  follows  (the  jBgures  are  the  average  from  observations 
upon  five  cholera  cultures): 

Albumw         Ash 

Cholera  yibriones  on  8oda-boaUlon 65%  31% 

Cholera  vibriones  on  Usohinskj's  solution  .   .  45  11 

He  found  also  in  the  latter  case  a  considerable  quantity 
of  non-nitrogenous  bodies,  a  part  of  which  may  be  thought 
to  be  hydrocarbons  (or  fats). 

For  the  analysis  of  the  ash  of  bacteria,  consult  Cramer 
(A.  H.  xxviii)  and  de  Schweinitz  and  Marion  Dorset  (C. 
B.  XXIII,  993).  The  latter  found  almost  only  phosphate 
in  the  ash  of  tubercle  bacilli 

Of  importance  for  the  classification,  even  though  more  in  a  cntio- 
9l\j  negative  sense,  is  the  fact,  discovered  by  Cramer,  that  closely  re- 
lated  varieties^  whiehj  upon  many  nutrient  media^  present  analogous  slightly 
varying  compositiony  suddenly  upon  a  new  medium  conduct  themselves  dif- 
ferently. Most  interesting  in  this  respect  is  the  behavior  of  five  cnl- 
tnres  of  cholera,  which  in  soda  bonillon  furnished  vibriones  of  almost 
exactly  the  same  composition,  bnt  upon  Uschinsky's  ^  solution  pre- 
sented very  variable  composition. 


Soda  Boxtillon. 

UscinNSKY's  Solution. 

Anmmin. 

Ash. 

ToUL 

Albumin. 

Ash. 

Total 

Cholera,  old    . 
Cholera,  Hamburg  I 
Cholera,  Paris  .   .   . 
Cliolera,  Shanghai  . 
Cholera,  Hambuig  II 

65.12 
69.25 
62.25 
64.25 
63.94 

31.55 
25.87 
32.80 
33.87 
29.81 

96.67 
95.12 
95.a5 
98.12 
93.75 

48.13 
35.75 
65.63 
47.50 
34.37 

7.14 
13.70 

9.37 
11.64 
14.74 

55.27 
49.45 
70.00 
59.14 
49.11 

This  result  shows  again  how  dangerous  it  is  to  make  a 
separation  of  two  varieties  because  of  any  single  chem- 
ical or  biological  reaction.  In  order  to  understand  the 
astonishing  differences,  it  is  only  necessary  to  rec^ognize 
the  ability  of  one  of  these  varieties  to  form  thick  cell- 

'  Compare  p.  33. 
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membranes  from  Uschinsky'a  aolution.  How  easy  it 
would  be  for  an  author  to  pronounce  the  cholera  of  Paris 
among  this  number,  as  a  distinct  species,  since,  upon 
Usuhinsky's  medium,  it  ceintaina  <ilvi04t  doitble  the  amount 
of  aUiumin  which  the  Hiimiturg  citoiera  does. 

Bacterial  spores  liave  not  so  far,  to  my  knowledge,  been 
closely  studied.  One  may  naturally  expect  a  decreased 
water-content,  from  the  analog^'  to  the  spores  of  molds,      J 


C.  Rapidity  of  Increase  and  Duration  of 
the  Life  of  Bacteria. 

Under  favorable  conditions  (see  below)  bacteria  multi- 
ply very  rapidly;  according  to  Buchner,  the  number  of 
cholera  vibriones,  under  most  favorable  conditions,  is 
doubled  in  twenty  minutes  (C.  B.  ii,  1).  Compare  also 
Ficker  (C.  B.  xxin,  1059). 

The  duration  of  the  life  of  bacteria  is  theoretically  un- 
limited, since  from  each  cell  by  division  two  new  ones, 
with  unlimited  possibilities  of  division,  are  produced. 
Practically,  however,  in  our  cultures  the  case  is  quite  dif- 
ferent. As  pointed  out  by  Gotschlich  and  Weigang,  in  a 
cholera  culture  (agar-stresk)  at37°,  even  after  twenty-four 
houre  the  nimiber  of  live  germs  is  jiractically  reduced,  and 
after  forty-eight  hours  many  bacteria  are  injured  by  their 
a  producta  (Z.  H.  xx,  376). 


D.  Conditions  of  Life  of  Bacteria. 
U  NUTRIENT  MEDIA. 


I 


While  II  nuinhi-r  of  l.acioria  have  hitherto  been  met  with 
only  in  the  human  or  aiiiniiil  organism  as  parasites,  and 
'^ptiar  to  us  tM  obligate  parasites  (example,  Spirochete 
meieri),  yet  must  of  the  parasites  can  be  grown  upon 
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artificial  nutrient  media,  either  readily  (example,  Bacte- 
rium typhi)  or  with  more  difficulty  (example,  Micrococ- 
cus gonorrhoeae).  Of  the  inhabitants  of  the  inanimate 
surroundings  of  man,  i,  e.,  the  so-called  saprophytes, 
most  are  easily  cultivated  on  artificial  media,  similar  to 
those  employed  for  parasites,  while  others — as,  for  exam- 
ple, saliva  bacteria  and  certain  water  bacteria — offer  great 
or  in  part  insurmountable  difficulties  in  their  cultivation. 

All  nutrient  media  for  bacteria  must  be  rich  in  water ; 
the  presence  of  salts,  and  sources  for  the  supply  of  carbon 
and  nitrogen  are  indispensable.  Most  varieties  of  prac- 
tical importance  and  all  pathogenic  varieties  prefer  a 
medium  containing  albumin  which  is  faintly  alkaline  in 
reaction. 

In  some  cases  the  demands  of  the  bacteria  as  regards 
the  composition  of  the  nutrient  medium  are  very  different. 
As  shown  by  Mead  Bolton,  a  number  of  water  bacteria 
(Bacillus  aquatilis  Fliigge  and  B.  erythrosporus  Fliigge) 
are  contented  with  water  which  has  been  twice  sterilized 
in  glass  vessels  (Z.  H.  i,  76).  Here  an  increase  of  the 
bacteria  nmst  occur  at  the  cost  of  traces  of  impurities,  or 
of  the  ammonia  and  CO 2  of  the  atmosphere. 

Almost  simultaneously  Heraeus  (Z.  H.  i,  193)  observed 
a  variety  of  bacterium,  which  thrived  in  water  which  con- 
tained ammonium  carbonate  as  the  only  source  of  carbon 
and  nitrogen,  being  free  from  every  organic  nutrient  ma- 
terial. Here,  then,  there  occurred  the  elaboration  of 
living  substance  from  simple  materials,  just  as  occurs 
in  the  higher  plants  which  work  with  chloropliyll  aided  by 
sunlight.  Hiippe  and  Winogradsky  have  demonstrated 
by  extensive  studies  the  truth  and  importance  of  this  ob- 
servation. It  appears  that  the  energy  necessary  for  the 
synthesis  of  albumin  is  obtained  by  oxidation  of  annnonia 
into  nitric  acid.  Among  the  practically  im])ortant  bac- 
teria, such  unparticular  ones  arc  very  few.  Many  allow 
albumin  to  be  absent  from  the  medium  and  are  content 
with  very  simply  composed  nutrient  solutions.  Cultures 
upon  such  fluids  were  formerly  much  employed,  and  more 
recently  Uschinsky  has  again  experimented  with  simple 
nutrient  solutions.  The  solution  of  Uschinsky  is  as  fol- 
lows: 

3 


34 


CONDITIONS  OF  BACTERTAL   LIFE. 


Water,  1000.  MiH^efliuni  sntphnt^,  0.3  to  0.4. 

Gly(*rin,  30  to  40.  Di-iwlaaaium  phoapliate,  3  to  2,5. 

Sodinm  chlorid,  5  to  7.  Aninionium  lactiito,  6  to  7. 

Caloiam  chlorid,  O.I.  Siidiiiii)  osiuirBgiDBte,  3  to  4. 

Instead  of  this  ci>niplicated  solution,  one  may  emjiloy 
many  simpler  ones;  tor  exaniiile,  such  as  is  recommended 
by  Vogce  and  C.   Friinkel  (Hyg.   Rundschau,    1894,   Na 

17,  769),  which  ia  as  follows: 

Water 1  liter. 

Sodium  olilorid 5  gm. 

Neutjvl  Mimniercial  aodiuut  phtwpluite   ...  2  gm. 

Ammiinium  loctnte 6  gra. 

AflpoiBKio .  4  gni. 

Upon  thia  (although  there  is  no  siUphur  in  the  nutrient  A 
medium)  the  following  grow: 

Vebv  Well:  Pkkbly: 

Bao.  gnbtilis  and  luyooidee,  Mic.  pyoguara  a  aureus, 

Bact.  syncyiuieuiii,  pyocyanenm,  Strept«i«>wua  pyogenee, 

coli,  Bcidi  lactici,  piituinouio;,  Bact,  typhi, 

mallpi,  valgare,  Bao.  juitlintois. 
All  vibrionee. 

Ni>T  AT   ALL: 

Bai<.  teiaiii, 
BiK't,  muriaeptionm, 
Bart,  eryaipelal'ia  suum, 
Baot,  cuiiicalioidn. 

Even  with  lln'iiilililion  of  those  substances  recommended 
W  T'schiiisky,  niln  r  \  arivties,  as  diphtheria  '  and  tetanus, 
did  not  jin.iT  luxnii^inily,  but,  by  adding  3%  to47fi  of  gly- 
cerin, thi'  mrilimii  r:in  lie  usod  for  cultivating  many  vari- 
ctira,  even  tl^'  tuboirk  l.acilhis. 

While  cultures  upon  iW  simple  nutrient  media  just  do-  1 
--n^  pMfifwsii  Krwit  th«ir<-lic;d  interest,  yet  they  bav« . 
iw»n  but  litllt!  t'luployod  fur  diiignoetic  purposes.  m 

Vrtry  mu^h  nmrr-  use  ia  found  for  vi^U-infiiaim,  n«)(0fi4-1 
*«tii,  offnr,  an.I  lm,lll.m  (cich  vilh  or  wilhoitt  the  atidition  f 
^yraj>er  or  iniU:-K.,,,nr),  iiUi  glijcerin-aquT,  milk,   and  stiea  \ 

P«te'c-     ( For  prc-jKirntion  son  Technical  Appendix  )         I 

We  must  always  keep  these  on  hand,  since  without  them  | 

M^l.^tHrl,','*?"'.'?''  ^  npl«""tly  obtained  upon  hh  non^lbo- 
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no  differential  diagnosis  is  possible,  and  no  variety  can  be 
considered  regularly  described  which  is  not  tested  in  its 
relation  to  all  these  nutrient  media  (with  the  exception  of 
glycerin-agar). 

More  rarely  the  following  nutrient  media  are  employed : 
Potato  water  J  veal  bouillonj  fluid  and  coagulated  blood  serum, 
serum-agarj  ascites-agary  blood-smeared  agar,  ineai,  pieces  of 
bread,  potato-pap,  rice-pap,  cooked  or  raw  eggs.  (See  Tech- 
nical Appendix. ) 

Uncooked,  sterile  organs  of  animals  are  actually  poorer 
nutrient  media  for  most  bacteria  than  wlien  cooked  (Liv- 
ingood,  C.  B.  xxiii,  980  and  1002).  Studies  upon  nutrient 
media  containing  liver,  kidney,  thymus,  adrenal  extract, 
etc.,  have  been  carried  out,  but  without  giving  anything 
of  practical  importance.  Literature  :  (Wroblewski,  C.  B. 
XX,  528). 

2.  REACTION  OF  THE  NUTRIENT  MEDIA. 

As  stated  above,  the  great  majority  of  bacteria,  especially 
the  i)athogenic,  prefer  a  neutral  or  faintly  alkaline  nu- 
trient medium,  and  formerly  the  advice  was  always  given 
to  neutralize  the  nutrient  medium  with  soda  solution,  em- 
ploying sensitive  litmus  paper  as  the  indicator — /.  e.,  to 
add  alkali  until  red  litmus  paper  was  turned  faintly  blue. 

Every  chemist  knows  that  no  accurate  terminal  reaction 
for  the  titration  of  nutrient  media  containing  phosphates 
is  obtained  with  litmus ;  that,  further,  various  litmus 
papers  influence  the  result ;  and,  finally,  that  the  titration 
is  practically  impossible  with  gaslight.  As  early  as  1891, 
N.  K.  Schultz  had  therefore  advocated  phenolphthalein 
as  an  indicator  in  the  titration  of  agar.  He  reconunended 
that  8-10  c.c.  less  of  normal  sodium  hydroxid  be  added 
than  is  required  for  complete  neutralization  with  the  indi- 
cator. Such  a  medium  is  found  to  be  suited  to  many  bac- 
teria, yet  there  are  others  which  demand  a  complete  neu- 
tralization (C.  B.  X,  52). 

Without  having  noticed  this  proposal,  I  came  upon  the 
same  idea  in  1892,  during  my  investigations  upon  bread- 
acids.  Often  since  then,  and  exclusively  since  the  autumn 
of  1894,  in  my  institute  there  has  been  employed  as  neutral 
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gelatin  (and  agar)  a  tnedium  wliii:h  contains  just  so  much 
Budium  hydroxid  as  is  required  to  produce  a.  minimum 
reddening  of  phenolphthalein.  All  the  plates  in  this  atlas 
are  prepared  with  tlie  use  of  such  nutrient  media  for  such 
cultures.  This  was  done  after  the  investigation  of  five 
important  bacteria  had  indicated  to  us  that  additions  of 
acids  or  alkalis  did  not  improve  the  growth.  Since  then  I 
have  had  the  great  majority  of  the  bacteria  described  in 
our  atlas  Bystematicnlly  studied  as  to  their  ability  to  grow 
on  the  following  nutrient  media,  by  Dr.  Winkler  (Dissert. 
Wiirzburg,  1898): 

1.  On  "neutral"  agar,  neutralized  with  normal  soda 
with  the  employment  of  phenolphthalein, 

2.  On  "acid"  agar— i.  c,  on  neutral  agar  to  which 
was  added  10  and  20  c.c,  of  normal  sulphuric  acid  per 
liter. 

3.  On  a  sort  (tf  alkaline  agar — t.  e.,  on  neutral  agar  to 
which  Wtia  added  10  c.c.  of  normal  alkali  solution  per  liter. 

The  rtault,  as  iudicateil  briefly  in  Tal)le  I  (at  end  of 
book),  is  that  almost  all  bacteria  grow  well  on  these  three 
media. 

In  every  caae  the  nutrient  media  neutralized  by  means 
of  phenolphthalein  as  an  indicatj>r  may  be  implicitly 
employed  as  universal  nutrient  media;  moreover,  the 
virulence  of  those  varieties  tested  liy  us  (Bac.  anthrncis, 
Bact,  coli,  Bact.  of  mouse  Hcptieeniia  and  chicken  cholera) 
is  well  (ireservtHl  tht^rcuii. 

This  methiul  hjis  the  advantage  over  otlier  methods  in 
that  it  is  easily  carried  out  (c()mpare  Technical  Appen- 
dix), and  that  it  represents  a  very  exact  point,  namely 
this,  where  all  free  acids  and  acid  salts  are  changed  into 
neutral  salts  (monn-soditim  phosphate  into  dj-sodium 
phosphate). 

Otter  recommendations— Timpe  C.  B.  xiv,  S45;  Helm, 
Lehrbuch,  p.  73;  Deelcmanu  (A,  G.  A.  xni,  374)— appear 
to  have  no  advantage. 

If  an  acid  nulrieni  uiedhtm  ia  to  be  employed,  we  think 
it  beat  to  add  10-20  or  30  c.c.  of  normal  acid  to  a  medium 
previously  neutralized  with  )ihenolphthalein.  According 
to  Winkler,  the  first  degree  of  acidity  is  well  homo  by 
almost  all  buctcriii.     According  to  the  certainly  not  super- 
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ficial  reports  of  Schliiter  (C.  B.  xi,  589),  which  were  sub- 
stantiated by  subsequent  publications,  many  bacteria  bear 
much  higher  proportions  of  acid;  according  to  observa- 
tions in  our  own  institute,  as  high  as  100  c.c.  of  normal 
acid  per  liter. 

NiUrient  media  containing  sugar  usually  favor  the  pro- 
duction of  acid,  which,  according  to  Hellstrom,  soon  be- 
comes so  abundant  that  the  micro-organisms  are  killed. 

Acid  nutrient  media  are  to  be  used  for  yeasts  and 
molds  and  whenever  it  is  wished  to  isolate  a  new  bac- 
terium from  an  acid  nutrient  substance.  For  counting 
the  germs  in  air,  soil,  water,  milk,  etc.,  a  neutral  medium 
is  always  employed. 

3.  INJURY  TO  BACTERIA  BY  CHEMICAL 

SUBSTANCES. 

We  have  already  learned  that  too  large  a  proportion  of 
either  acid  or  alkali^  interferes  with  growth,  or,  if  still 
stronger,  produces  death.  Most  varie<^l  chemicals,  in  certain 
concentrations,  operate  similarly.  Those  which  are  strongly 
aetive  are  called  antiseptics  or  disinfectants. 

Usually,  with  Hiippe,  the  following  grades  of  influence 
are  distinguished: 

1.  Growth  is  not  interfered  with,*  but  the  pathogenic 
or  zymogenic  functions  are  weakened :  Wealcening,  at- 
tenuation. 

2.  The  organisms  are  unable  to  increase,  but  are  not 
killed  :  Asepsis. 

3.  The  vegetative  forms  of  the  micro-organisms  are  de- 
stroyed, but  not  the  resting  forms:  Antisepsis. 

4.  Vegetative  forms  and  spores  are  botli  killed:  Steril- 
ization or  Disinfection. 

'Fermi  (C.  B.  xxiii,  208)  has  publiabed  an  extensive  table  reganl- 
ing  the  aensitivencfls  of  varions  nucro-or^inisnis  to  acids,  alkalis,  and 
various  poisons.  Unfortunattdy,  he  pves  the  numlK»r  of  drops  of 
solations  of  various  percentages  which  inhibit  the  growth  of  bacteria 
in  5  CO.  of  agar. 

*At  times  theire  occurs  a  transitory  or  permanent  interference  with 
growth;  in  other  cases  briefly  acting  antiseptics,  also  heat,  cold,  etc., 
cause  a  retaidation  of  subsequent  growth  without  producing  &  y^esJiL^Tv- 
ing. 
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Since  the  diagnostic  value  of  the  test  of  the  resistance 
to  chemicals  plays  only  a  modest  rfile — various  hopes  in 
this  direction  remaining  unfuldlled — this  section  must  be 
very  brief. 

To  determine  the  minimal  ctniccntruHoji  of  a  cliemical 
poison  which  produces  asepsis — i.  e.,  prevents  growth — the 
following  procedure  is  lulopted: 

A  solution  of  the  disinfectant — for  example,  Xfc — ifl  em- 
ployed; and  of  this,  1,  0.5,  0.3,  0.1  c.c.  is  added  to  lOc.c. 
of  liquefied  gelalin.  This  nutrient  medium,  containing 
now  0.1,  0.05,  0.03,  0.01^  of, the  disinfectant  is  used 
for  stab,  stroak,  and  plate  cultures.  Inoculations  may 
also  be  made  with  material  containing  only  spores  (ma- 
teria! frood  from  all  bacilli  by  heating  half  an  hour  at 
70°),  and  tlius  it  may  bo  dL'tcrmined  whether  the  spores 
grow  out  in  cultures. 

Behring  has  devised  tin-  followiofr  practicnl  method  of 
making  these  teste:  A  drop  ot  fluid  nutrient  medium, — 
for  example,  serum, — infected  with  the  organism  to  be 
tested,  is  removed  before  the  addition  of  the  antiseptic 
ami  suspended  from  the  under  side  of  a  cover-glass  on  a 
hollow-ground  slide,  sealing  it  with  a  little  vaaelln  (Tech- 
nical Appendix).  Then  by  degrees  there  ia  added  to  the 
tube  ot  seruni,  increasing  known  quantities  of  the  dis- 
infectant. After  each  acidition  and  tliorough  shaking  a 
drop  culture  is  prepared.  The  growth  in  encli  drop  can 
bo  examined  after  being  kept  twenty-four  or  forty-eight 
hours  in  the  incubator. 

If  th<'  concentration  necessary  tor  antisepsis  is  to  be 
del.Tiuincd,  the  organisms  to  lie  extiniined  ai-e  grown  in 
houilloii,  ;iik1  to  10  e.e,  o(  the  bouillon,  five  from  spores, 
and  tilterwl  through  asbestos  to  remove  jiiiy  clumps  of 
bactiTJa,  various  iiiiantilii-B  <>{  a  t^oliitinn  of  ihe  disinfectant 
of  known  strength  are  added.  From  ..ai'h  of  the  tuljes 
after  one,  fivft,  ten,  fiflccii,  thirty  luiiiulrs,  one  hour,  etc., 
a  platinum  loopful  of  the  material  ia  rcmovetl,  and  placed 
in  10  c.c.  of  luW<'wnrni  liqnefieil  gelatin,  from  which  a 
plate  culture  is  pre|inn'd.  If  it  is  suspected  that  a  trace 
of  the  diwinfeetant  carried  in  the  drop  renders  Hie  gelatin 
ftBcptic  ami  BO  leads  to  nn  apparent  ileath  of  tlic  micro- 
organisms,  the  result  may  be  controlled  by  inoculating 
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gelatin,  to  which  a  similar  trace  of  the  disinfectant  has 
been  added,  with  fresh  material. 

The  disinfectant  to  be  tested  should  always  be  dissolved 
in  water.  (Compare  Water,  p.  40. )  If,  because  of  slight 
solubility  in  water,  the  employment  of  alcohol  in  the  prep- 
aration of  the  stock  solution  is  unavoidable,  then  special 
control  investigations  are  required  to  determine  whether 
the  alcohol  is  injurious  in  its  effects. 

It  is  found,  as  well  for  asepsis  as  for  antisepsis,  that  the 
value  of  the  disinfectant  is  usually  much  lower  if  one  is 
working  with  nutrient  media  rich  in  albumin  than  when 
working  with  those  poor  in  albumin.  *  Creolin  (Pearson) 
produces  asepsis  in  bouillon  in  the  proportion  of  1 :  15,000  to 
1:5000,  but  in  beef  serum  in  1:150  (Behring).  Cholera 
vibriones,  in  bouillon  free  from  or  containing  1  %  of  pep- 
tone, were  killed  by  0.01%  HCl  in  half  an  hour,  witli  the 
addition  of  2%  peptone  by  not  less  than  0.04%  HCl  in 
the  same  time.  For  descriptive  purposes,  the  test  will 
usually  be  made  in  1%  peptone  solution,  if  one  does  not 
wish  to  employ  one  of  the  nutrient  media  free  from  albu- 
min, described  on  page  34.  In  any  case  one  will  treat  the 
bacteria  used  for  comparison  exactly  the  same,  and  must 
give  in  a  paper  the  finer  details  employed  in  the  investi- 
gation. Little  is  known  of  varying  resistance  in  bacteria 
which  are  free  of  spores,  because  of  race  or  nutrient  media 
(compare  spores),  but  there  are  isolated  statements  in  this 
direction  regarding  staphylococci  which,  perhaps,  may 
point  to  as  yet  imperfectly  understood  resting  forms 
(Esmarch,  Z.  H.  v,  67). 

A  combination  of  disinfectants  may  enhance  the  action; 
the  addition  of  acid  (hydrochloric  or  tartaric  acid)  espe- 
cially ititensifies  the  action  of  sublimate,  also  of  phenol  and 
cresol  solutions.  Moreover,  the  effect  is  more  certain  if 
the  germs  are  few  than  if  they  are  abundant,  and  greater 
at  higher  than  at  lower  temperatures. 

^  Phenol  is  an  exception. 
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4.  DEFKIENCY  OF  NOURISHMENT  AND 
WATER. 


If  Iijicteria  which  require  substrata  rich  in  nourisliment 
in  order  to  thrive  ( including  most  ]>athi^njc)  are  plafxd  in 
pure  distilled  water,  they  usually  die  rapidly — t.  «.,  in  an 
hour.  Afl  Picker  {Z.  H.xxix,  Ij  pointwl  out,  numerous 
ntUiute  influences  here  heoome  accentuated.  Thus,  tracea 
of  nutrient  material,  even  long  standing  in  glass  vessels, 
especially  l>oi)ing  in  glass  vessels,  suffice  tu  lessen  the 
bactericida]  action  of  distilled  water.  Jena  glass  is  espe- 
cially recommendctl  for  control  uivestigationa,  since  it  ^ves 
up  alniofft  nothing  to  <li8tilled  water-  Dense  suepcnsiona 
and  virulent  cultures  are  more  slowly  destroyed;  the  age 
of  the  individuals  is  indifferent  In  well-water  (even  if 
sterilised)  the  duration  of  life  is  usually  not  more  than 
eiglit  to  fourteen  days,  and  an  increase  is  rare.  Certainly, 
in  a  s<:rics  of  cases,  much  longer  duration  of  life  is  oliservea, 
but  here  the  conditions  mentioned  above,  and  until  now 
usually  neglected,  come  intoqucsUou.  Leipzig  tap-water, 
which  remains  long  in  pipes,  is  strongly  gerndcidal,  but 
after  Iwing  lioiled  it  loses  a  part  of  this  action,  etc.  (Com- 
pare Picker,  t  c.andLoffler:  Das Wasser  und  die  Mikroor- 
pnismen,  1896. )  Deficiency  of  water  exerts  a.  disturb- 
ing influence  upon  bacterial  growth.  My  pupil,  Leo  Wolf 
(A.  H.  XXXIV,  200),  found  that  upon  various  nutrient 
modia  (agar,  gitalin,  pulverized  meat,  cake),  with  70^6 
and  more  of  water,  prowth  was  most  vigorous,  with  605^  it 
was  often  interforoil  with,  with  IJOfo  it  was  usually  slight, 
and  when  only  40%  ot  water  was  present  there  was  often 
L  no  growth  to  bo  detected,  macroscopically  nt  least.  On 
\  the  contrary,  upon  nutrient  media  (agar,  gelatin,  potato) 
■■-led  grudimlly  at  room  temperature,  the  duration  o* 
e  is  often  jistonishingly  long,  even  when  there  are  no 
ndiiHpon'H  present  to  l>e  reaponsilile  for  it  At  times  one 
y  observe  tliat  even  after  ayearahomy  conlractedrcm- 
of  a  culture  upon  being  placed  in  hnuillon  (and  with 
r  varieties  kept  in  nn  incubator)  yields  a  most  heau- 
■owtli. 

mling  the  duration  of  life  of  bacteria,  when  they 
U]Kin  glass  mill  dried,  the  literature  contains 
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■snany  contradictory  Btatemente,  from  which  it  may  be  con- 
fcluded  thut  much  deixinds  upon  the  special  conditions 
■  onder  which  drying  occurB,  Ficker  (Z.  H.  xxix,  1)  has 
Idiscovered  some  laws  especially  for  the  cholera  vibrio. 

Acoording  hi  liini,  the  following  are  o(  special  sipnificance : 

1.  Very  diio  smeaiB  were  more  ijuicklj  injiircil  th.in  thick  clnmps; 
■light  vuiMiuns  in  Uie  IbickneflH  of  thesaearftr^  witbont  significance. 

i  niin  smEars  die  tuora  ciuiclcly  in  the  exsiccator,  aiid  lliick  ones 
in  room  atmocphere. 

3.  Tbe  lower  Uie  temperatQre,  Uie  better  the  drying  is  bume. 

i.  Virulent  cultures  are  more  resistant  thau  non-vinilenl  oues. 

5,  Variations  of  mointare  (ejuiccator  and  moist  chamber)  kill 
iqMvialljr  nipidl;  (shown  in  typhoid  and  pe«l). 

6.  Older  cultures  were  somewhat  more  resistant  in  an  exsiccator. 
Also   re^;arding  the  variability   in   a  moist  chamber,  Ficker  has 

obtained  iuten^sting  revolts.  Here  old  cholera  caltnres  present  enor- 
motialy  greater  resisting  power  than  young  fmea.  For  esuniple,  in  the 
nioist  chamber  iJiin  smeArs  of  cultures  seven  to  twenty-one  days  old 
lii-e  about  thiriy  to  fif^  days  ;  those  tliree  dayi  old,  fourieen  days  ; 
those  two  days  old,  as  long  its  wveu  days ;  and  those  one  day  aid,  only 
one  tn  two  days.  Yet  the  old  caltareH  amtnined  no  spores,  and  were 
«qtta]ly  or  mure  ftuaceptible  than  thu  yunng  onento  heat  and  elietnicula. 
{Compare  Vib.  chol.  in  special  port.)  fi  complete  siimmnry  of  pre- 
vious ranills  npon  dried  cholera,  typhoid,  diphthEria,  and  pest  orgaa- 
given  by  Ficker,  /.  c. 


i.  RELATION  TO  OXYGEN  AND  OTHER  GASES. 

Bwjuise  of  their  relation  to  oxygen,  bacteria  arf  usually 
placed  in  thwe  classes  (Fliigge  and  LilwHus): 

I.  Obligate  aerobes.  Growth  occurs  only  when  air  is 
admitted,  and  every  limitation  to  the  entrance  of  air  injures 
Wi«  growth.  Free  oxygen  is  esjtecially  refjuired  for  spore- 
tormation.  With  a  pressure  of  three  to  tour  atmospheres 
rf  pure  oxygen,  accortling  to  Chudiakow,  growth  of  aerobic 
Eiacterin  eeusea  ;  the  lowest  linitt  for  aerobes  was  found  t« 
be  5  to  10  mm.  of  air.  According  to  Roger  (C.  B.  xx, 
52G) ,  a  pressure  of  500  to  (MK)  atnioaplicres  of  air  does  not 
kill  bacteria. 

II.  Obligate  anaerobes.     Growth  and  spore-formation 
r>nly  wlien  onjiji'n  is  C(tm.])ldely  axluded.^     In  this 
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class  belong  Bacillus  cfidematis  maligni,  Bac.  tetani,  Bac. 
chauvffii  (symptomatic  anthrax),  and  numerous  inhab- 
itants of  mud  and  soil.  Upon  exposure  to  freo  atmos- 
pheric oxygen,  the  vegetat-ive  forms  of  these  bacteria  die 
in  one  or  more  hours  ;  the  spores,  on  the  contrary,  are 
more  resistant  to  oxygen.  (Compare  Chudiakow,  C.  B.  L. 
IV,  389. )  Since  the  principal  source  of  energy  is  excluded 
from  the  anaerobes  whicli  is  at  the  command  of  aerobic 
bacteria  (oxidation  of  the  aljsorbed  nutrient  material  by 
means  of  free  oxygen ) ,  they  are  assigned  to  nutrient  mate- 
rials which  are  reaflily  utilized, — as,  for  example,  grape- 
sugar, — which  liberate  energy  (heat)  by  division  into  two 
smaller  molecules  (for  example,  alcohol  and  CO,,  or  acetic 
acid,  or  lactic  acid).  Therefore  anaerobes  are  often  grown 
upon  gelatin  or  agar  contauung  \fo  to  2fc  of  glncose. 
Upon  sneh  media  the  virulence  and  also  the  ability  to 
produce  spores  suffer,  so  that  recently  sodium  sulphid 
(compare  p.  43)  and  formate  of  sodium  have  been  em- 
ployed as  additions  to  the  culture  media. 

III.  Facultative  aerobes  and  facultative  anaerobes.' 
The  gritat  ninjority  of  the  bacteria  usually  grown  by  us 
aerobically — including  almost  all  pathogenic  forms — will 
toit^rate  a  limitation  in  the  amount  of  oxygen  admitted 
without  being  injured,  moreover  without  interference  with 
their  growth.  This  is  favorablo  to  a  life  in  many  purta  of 
theaninial  bo<Iy;  for  example,  in  the  intestinal  canal,  where 
oxygen  is  limited  or  abaeiit.  Chroniogencsis  is  almost 
always  susptiiuled  by  the  exclusion  of  oxygen ;  on  the  con- 
trary, toxic  metabolic  products  are  sometimes  abundantly 
elfthornted  in  its  al^aence  (Htippe). 

It  is  very  important,  as  recent  inquiry  has  shown,  tliat 
aeriibic  vnritHea  of  lite  antttriifiie  bnHeriti  al»u  erht.     Their 

■till  icrew  with  nil  lUr  iinissare 
WMUubc^  III'  ((iuikI  ntill  able  E 
40  mm.  (C.  B.  L.  IV,  3Hil). 

'AsMii|iLaBizMl  liy  Ikijtriiwk.  it  would )«  bettor  to  Bpenk  of  "  tem- 
pomry  "  aiiwrvbic  vnrieticH,  it  it  has  not  been  ileiiiniv^lJvlMl  that  cei^ 
Uin  vari<'tiniCAn  |{tAw  pmumnttly  ns  wi>ll  aerubitiillv  ns  ann^robicalljr 
(O.  B.  L.  Ill,  411).  The  ilcmooirtration  pnxliici^l  iiy  I'feffer  is  also 
liiUtfMtIng,  tlint  many  nembif?  linrtcrla  niii  \<mA  InM'ly  rflnxiilcnihle 
MnunnW  ot  nxyyyw.  whii-h  rlicy  KnwIiMlly  ruletiMi  iu  Hpnci's  frve  (mm 
«(TK(m  (C.  B.  I..  II,  763). 


RELATION  TO  OXYGEN  AND  OTHER  OASES.         43 

origin  is  usually  not  known.     (Compare  special  part,  Bac. 
tetani,  Bac.  chauvoei.) 

Not  infrequently  varieties  are  obsen^ed  which  show 
more  or  less  anaerobic  growth  when  first  isolated  (growing 
especially  in  the  deep  part  of  the  agar  stab),  and  wliich 
later  present  a  pure  aerobic  behavior — i.  e, ,  distinct  sur- 
face growth  and  poor  growth  along  the  stab.  Thus,  one 
may  properly  speak  oi  an  adaptation  to  a  gas-mixture, 
rich  in,  or  free  from,  oxygen,  and  in  this  way  may  ex- 
plain very  many  things. 

These  observations  prove  to  the  classifier  that  bacteria 
can  not  be  thus  simply  separated  into  two  classes,  the  one 
aerobic  and  the  other  anaerobic. 

Recently  the  fact  has  been  repeatedly  demonstrated  that 
true  anaerobic  varieties  also  grow  well  without  the  exclu- 
sion of  oxygen,  if  they  are  associated  with  many  aerobic 
varieties;  also  that  for  the  aerol)ic  growth  of  anaerobic  vari- 
eties, often  nutrient  media  suflSce  if  aerol)ic  l)acteria  have 
previously  grown  in  them  and  liave  been  killed  with  chloro- 
form before  the  anaerobe  is  inoculated  (Kcdrowski, 
Scholz).  The  synergetic  aerol)ic  variety  evidently  oper- 
ates in  part  by  consuming  the  oxygen,  in  part  by  ])r()- 
ducing  materials  required  by  the  anaerobic  varieties. 
Trenkmann  recognized  such  a  sul)stance  in  sodium  snl- 
phid.  Two  drops  of  a  10%  solution  of  sodium  suli)hid 
render  bouillon  suitable  for  the  growth  of  anaerobic  varie- 
ties without  the  exclusion  of  oxygen  (C.  B.  xxiii,  1038). 

While,  besides  the  obligate  anaerobes,  all  facultative 
anaerobes  thrive  well  in  nitrogen  and  hydrogen,  they  vary 
in  their  toleration  of  COj.  (Compare  Table  I,  at  end  of 
book.) 

A  large  number  do  not  thrive  at  aH,  and  remain  completely  inbil)itetl 
in  their  growth  until  oxygen  is  again  admitted;  for  example,  H.  an- 
thracia,  subtilis,  and  related  varieties.  It  Ls  established  rejjanling 
some  varieties  (anthrax,  cholera)  that  most  of  tlie  individuals  are  rap- 
idly killed  by  CX),,  while  some  germs  exhibit  enerj;eticresistan(«,  and 
render  a  complete  sterilization  by  OOj  impossible.  A  ae<'xmd  group 
presents  a  restricted  growth,  especially  if  the  teat  is  carriecl  on  at  in- 
cubator temperature  (staphylococci,  streptoexxici ) ,  while  a  third  group 
is  not  injured  at  all:  B.  prodigiosum,  B.  acidi  la^^-tici,  B.  t^^ihi.  They 
grow  as  well  as  in  air;  the  liquefaction  of  gelatin  is  not  interfered 
with,  but  naturally,  from  the  exclusion  of  oxygt»n,  chromo^ue«lft  \ft 
checked.     Moreover,  a  mixture  of  25%  air  and  15%  CO^  \ia&  xtf^ 


Sulphuretted  hydrogen  appears  U>  be  well  bome  by 
anaerobes  (set; above);  other  varieties  are  very  susceptible 
t«  large  quantities,  as,  for  example,  Buct.  Pfliigeri  (photo- 
genie  Ijacillus)  (Lehniann  and  Tollliausen,  C.  B.  v,  785). 


6.  INFLUENCE  OF  TEMPERATURE  ON  THE 
LIFE  OF  BACTERIA. 

Every  variety  of  bacterium  demands  a  certain  tempera- 
ture of  the  nutrient  substratum.  Vegetative  bacterial 
life  is  possible  fmni  0°  to  70°,  some  varieties  thriving  at 
the  upper  and  some  at  the  lower  extreme.  For  each  va- 
riety the  minimum  and  maximum  tempcratur(«  lie  about 
30°  apart, '  and  we  may  form  a  comprehensive  classifica- 
tion dependent  upon  the  temperature  required  somewhat 
as  follows: 

Psychrophllic  bacteria  :  minimum  at  0',  optimum  at 
15°  to  20°,  iiiaxiinuni  at  about  30°.  Mo8t  water  bacteria 
belong  here;  for  example,  many  phosphorescent  bacteria 
of  the  sea.      f  Compare  Forster.  C.  B.  XJI,  431.  ) 

Mesophllic  bacteria :  minimum  at  10°  to  15°,  optimum 

at  37°,  maximum  at  about  45*.     Here  belong  all  varieties 

[  pathogenic  for  man,  since  one  condition  for  a  pathogenio 

L  Action  is  an  acclimatization  to  the  body  temperature. 


Thermophilic  bacteria:  niininmni,  40°  to  49°;  opti- 
Kmum,  5(>"  to  5n°;  miiximum,  60°  lo  70".     Here  belong" 
Punny  Imcfj-riii  of  the  soil,  and  almost  all  spore- producing   . 
rtncini  of  the  family  of  B.  mt^entfriciis  ((itohig,  Z,  H,  in, 

Mortlatt'lyl.ydialtobinowitaelihiiiisimii'wimtinoreclogelydemrihsd    I 
''^tt1iermn|iliiliL'r«iulIittiv('aniiBrulii«,nllot  wliich nre spore-prodne-  ] 

_    'Bni.  vntKDtiin  thrivm,  to  b«  imrr,  from  13°  to  ftO",  a  variety  of   ] 
^lobi^  fthn  trnni  15°  to  l>i°,  lint  nnoh  iviili<  intiTvnlB  of  (tivorable  tem-   ' 
^"^Totoww  vtry  mre.     (JloliiR  tnnnil   tho  nmfcr  of  t<>iiipenttnre  at 
fc  themioiihilio  VBrirtirs  will  Hi-vclop  to  In:  virj-   narrow;  for  «c- 
Pla,  heeuulii  gtow  ono  vuricty  ouly  from  M"  to  IIG^. 
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tag,  noD-motile  bacilli,  whoae  optimum  temperature  Vies  at  00°  to  70°, 
but  they  still  thrive  at  3-1°  to  44°,  nlthoiwh  bIowIj,  and  best  in  anii- 
«inhio  agar  cnllun*  (Z.  H.  xx,  154).  The  VBrietiM  are  widely  dis- 
taribuled,  especially  in  teeea.  She  hns  not  uDdtrtaken  a  ootiiparbon 
with  the  varieties  deaoribed  by  previons  aothocB.  Other  varieties 
were  isolated  by  Opreacn  (A.  H.  ijcxiii.  IG4).  Some  of  the  varieties 
isolated  by  Scliillinper  appear  more  as  abDonoally  tliennotalcmtit 
than  tfaermophilio  ;  tbey  fcrow  well  at  06°,  but  better  and  with  fer- 
mentation at  37°  (H.  R.,  1898,  568). 

By  carefully  raising  and  lowering  the  tempemture,  Dieu- 
donne  (C.  B.  XVI,  965)  was  able  to  incrffaae  the  range  of 
temperature  within  which  the  anf/irox  bnriUits  could 
thrive,  at  both  its  upper  and  lower  limits.  The  anthrax 
bacillus  can  gradually  become  adapted  to  a  temperature  of 
42°.  Pigeons,  which,  according  to  the  hypothesis  of  many 
authora,  are  fairly  immune  to  ordinary  anthrax  because  of 
their  higher  bmly  temperature  (42°),  die  simicwhat  oftener 
after  inoculation  with  cultures  adapted  to  higher  tenii>era- 
tunss.  Still  more  striking  wore  the  results  when  Dieu- 
I  donn^  gradually  acclimated  anthrax  bacilli  to  a  tempera- 
^  of  12",  and  found  they  could  still  kill  frogs  kejit  at 

Temperatun^s  somewhat  below  tbe  minimum  limit  the 
^growth,  but  do  not  injure  the  variety  conccrmtl.  Pe- 
Itruschky  has  even  kept  bacteria  in  an  ice-Iiox  (ahout 
P4°  to  6°)  as  a  means  of  preserving  not  only  lh<'  lite  hut 
ralso  the  virulence  of  certjiin  varieties  which  rapidly  die  at 
r  higher  temiieratureH.  They  are  first  allowed  to  grow 
j[  (or  two  days  at  20°  (alreplococei,  etc. ). 

Also  temperatures  below  zero  injure  bacteria,  but  do 
I  BO  slowly  and  with  a  rapidity  varying  with  different  vari- 
1  eties.     individual  statements  are  given  in  the  special  part 
reganling  the  most  important  pathogenic  varii'ties. 

If  temperatures  5"  to  10°  above  the  optimum  arc 
allowed  lo  operate  upon  culliirc-tJ,  thi'v  ;iii'  injured  in 
various  ways;  some  show  leascnod  inU'ii^^ity  of  LimwLli,  the 
virulence  and  the  power  of  fermentation  are  ruJuceil,  also 
the  ability  to  form  spores  is  gradually  lost.  Sometimes 
tlie  injury  is  more  marked  in  one  direction,  sometimes  in 
AQotber. 
■  II  the  maximum  temperature  is  exceeded,  the  culture 
I  dies,  and  for  the  psychrophilic  varieties  about  37°  is  nuite 
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rnpidly  fatal;  for  the  mcsophilic, '  about  60°  {Forstcr);~ 
for  the  thermophilic,  75°.  A  temperature  of  100°  is  not 
witlistrood  by  any  bacterium  free  of  spores  for  more  than 
a  few  minutes. 


7.  MECHANICAL  AND  ELECTRICAL  ^ 

INFLUENCES.  ' 

Id  the  first  eilitioti,  at  thiii  point  I  reported  (lie  nshmishing  state- 
mpiite  of  Mcltzer,  ooconling  to  whom  nhort,  teeblu  shaking;  wonld 
operate  favorably  upon  th«  growth  ot  llnid  oulturts  of  liat't^^rio,  while 
more  pmlflti{i;ed  nod  more  vigurooH  xliBkiiig  or  long-continni^  veiy 
(echle  shakin);  wonld  operate  verj  anfavorahly  (Meltser,  Zeit.  (. 
Biol.  XXX,  p.  im). 

OtU>  Appel,  who.  at  my  request,  rextudied  the  whole  iiDealioQ,  or- 
rivBd  at  entirely  different  reanltc.  Ho  shaking  of  longer  or  shorter 
duration  injured  the  lioeberial  growth,  except  where  very  severe  agita- 
tion (uid  tile  addition  of  glnos  penrhi  caused  direct  meclinnical  lesioos 
of  the  lioct^ria.  t:!)ig)it  ithaking,  such  as  cultures  experienoe  when 
placed  upon  the  FoiindationB  of  strongly  working  stenm-enginen,  was 
without  effect.  (Further  oommunications  thereon  are  foaud  in  the 
ArobiT  fur  Hygiene.) 

Uuet  of  the  previously  ohaerved  effects  of  the  electric  cnrrent  are 
etaily  eiqilalued  as  due  to  the  aetion  of  heat  and  electrolj-sis.  Thiele 
and  Wolf  deiuonNtraled  by  means  ot  new  invraligationn,  wliioli  are  not 
open  to  objection,  tliat  neither  the  posanf-e  of  n  oonalont  or  interrupted 
enrreDt  through  a  culture  of  bacteria,  if  electrolysis  he  avoided,  nor 
the  placing  ot  a  culture  in  nti  iutemipted  current  induction  ooil,  in- 
{ures  the  tncteria  (C.  B.  xxv,  (150);  t.  r.,  also  the  previona  liturature, 
which  in  part  coatauis  rcuiarkalile  nnsertions. 


8.  INFLUENCE  OF  UGHT  AND  RONTGEN 
RAYS. 

The  cultures  ot  iill  !);ii'ti>iiii  .in-  rextrieted  in  their  growth 
by  direct  sunlight.  If  the  artion  is  more]>rfilonf;ed,  they 
are  subHoquetitly  \tv»  able  lo  grow  luxuriiintly  in  thedark, 
snd  there  reBiilLs  a  generation  of  weakened  organisms, 
ftiuwD,  for  es(ini|ilo,  by  incomplete  liquefaetion,  plight  pro- 
duotion  of  jiignicnt,  lessentsl  wnlence,  etc.,  which  only 
regain  lln-lr  original  pro|>i'r(icB  after  repeated  tmnHpIanta- 

'AenoidinR  to  Sternberg  the  {nllnwing  die  atritl":  8lrepl4)co(«aB 
[cnra.  IbW!.  nnthmeifl.  Back  mallei,  and  Vibrio  clioleni:  (Amcr. 
-.  Med.  Science^  July,  1887.  IW). 
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tion  on  fresh  medium  in  the  dark.     With  still  longer  action 
of  the  direct  sunlight  the  micro-organisms  die. 

Bact.  pntidum  and  Bact.  prodigiosum  were  materially  disturbed  in 
their  ability  to  produce  pigment  and  trimcthylamin  by  direct  sun- 
light, in  July  and  August  in  one-half  hour  and  in  November  in  one 
and  a  half  hours.  They  grew  slowly  and  prodigiosum  liquefied  slowly 
(Dieudonn^).  Death  was  produced  in  these  oiganisms  in  one  and  a 
half  and  two  and  a  half  hours. 

Dieudonn6  (A.  G.  A.  ix,  405  and  537,  also  an  extensive 
review  of  literature)  has  found  ultra-violet,  violet,  and  blue 
light  to  be  very  injurious,  green  but  slightly,  and  red  and 
yellow  not  at  all.  On  the  contrary.  Beck  and  Schultz 
(Z.  H.  XXIII,  490),  who  employed  better  light-filters,  gen- 
erally observed  no  injury  from  the  colored  light  obtained 
from  sunlight.  This  is  to  be  explained  by  the  slight  in- 
tensity of  the  light  employed.  Also,  Beck  and  Schultz 
deny  that  diffuse  daylight  works  injury  to  bacteria  (the 
chromogenic  function  is  lost  in  many  varieties  even  when 
grown  in  the  dark),  while  Dieudonn^  asserts  : 

In  diffuse  daylight,  in  spring  and  summer  in  three  and  a  half  hours 
and  in  winter  in  four  and  a  half  hours,  there  occurs  interference  with 
growth,  while  in  from  five  to  six  hours  death  is  produced.  Electric 
arc  light  of  900  candle-power  checks  growth  in  five  hours  and  kills  in 
eight  hours.  Incandescent  light  injures  growth  in  from  seven  to  eight 
hours,  and  kills  in  eleven  hours.  Similar  results  occur  with  Bact. 
coli,  typhi,  and  B.  anthracis.  Naturally,  Dieudonn^'s  positive  results 
are  not  disproved  by  Beck  and  Schultz's  negative  ones. 

For  testing  the  sensitiveness  to  light,  thickly  sown 
gelatin  or  agar  plates  are  exposed  to  diffuse  or  direct  sun- 
light, after  the  method  of  H.  Buchner,  a  dark  paper  cross 
being  placed  upon  the  illuminated  side.  To  exclude  the 
action  of  heat,  ^  one  may  first  carry  the  light  through  a 
laver  of  water  or  alum  a  few  centimeti^rs  in  thickness. 
After  the  light  has  acted  for  one-half,  one,  one  and  a  half, 
two,  etc.,  hours,  the  plat<;s  are  placed  in  a  dark  room,  and 
it  is  observed  whether  the  bacteria  develop  only  on  the 
part  covered  by  the  cross  ;  in  complete  death  of  the  ex- 
posed bacteria  there  occurs  a  sharply  outlined  cross  con- 
sisting of  the  colonies  in  a  clear  field. 

^  The  action  of  the  heat  is  entirely  without  interest. 
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The  action  of  the  light  aeeins  to  ot^cur  under  the  coopera- 
tion of  the  oxygen  of  the  air;  obligate  anaerobes  (tetanus) 
and  facultative  aerobes  (B.  coli),  when  oxygen  is  com- 
pletely excluded,  withstand  thesiinlight  very  well;  for  ex- 
ample, B.  coli  withstood  direct  intense  sunlight  for  four 
hours.  (Compare  also  Wesbrook,  Journal  of  Pathology 
and  Bacteriology,  iv,  352. ) 

Regarding  the  mechantsin  of  the  action  of  ligrht,  the 
observations  of  Richardson  and  later  of  Dieudonn^  apiiear 
important,  if  notfumishingacompleteexplanation.  They 
assert  that  in  illmninateil  agar  plates,  and  indeed  only  in 
blue  to  ultra-violet  light,  in  a  short  time  (even  after  ten 
minutes  in  direct  sunlight)  peroxid  of  hydrogen^  appeara 
For  its  demonstration  one  exposes  to  the  light  an  agar 
plate,  half  covered  with  dark  pai)er,  then  jMurs  over 
the  same  a  weak  iodid  of  potissium  paste,  and  upon 
this  a  weak  solution  of  ferrous  sulphate;  the  illumi- 
nated aide  becomes  dark  blue.  (With  gases  that  do  not 
contain  oxygen  there  ia  no  formation  of  HjOj,  nor  in- 
jurioua  action  from  light. )  This  also  explains  what  has 
been  often  observed,  that  one  may  obtain  a  slight  attenua- 
tion of  bacilli  if  they  are  inoculated  upon  agar  plates  that 
have  previously  stood  in  the  sunlight. '  Bacteria  ])revi- 
ously  exposed  to  light  develop  especially  badly  upon  mediA 
that  have  been  illuminated,  much  more  so  than  upon  good 
media. 

According  to  Rieder,  strong  Riintgen  rays  injure  hao- 
terial  growth  in  a  way  similar  to  light  (Miiuch.  med. 
Woch.,  1898,  No.  4,  101). 


9.  THE  EFFECTS  ON  BACTERIAL  GROWTH  OF  i 
OTHER  BACTERIA. 

Although  it  is  the  endeavor  of  every  bacteriologist  ta9 
f  slw&ys  obtain  bacteria  in  pure  culture,  we  nnist  not  forgeifl 
'  that  in  natun-  bacteria  often  occur  in  combination.     It  J 

'With  ^'liitin  it  U  houm  before  H,0,  can  be  recof^ixed. 

'Also  other  drrompoeiliiuTut  of  the  notrieDt  mDdiiim   hy  mn1i)iM  1 
L  tl^y  na»8iunitlly  rfodi-r  <limi<iill  n  ttDlMcqui-iit  gniwUi  of  fnngi;  for 
I  a»Kiipl«,  the  uriKiu  uf  turuilo  iwiJ  Iruia  lurlBrio  acid  ( DuolfHu). 
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we  examine  water,  milk,  or  the  intestinal  contents  in 
health  or  disease,  we  always  find  many  varietic^s  simulta- 
neously present.  This  mixture  certainly  appears  to  us  as  a 
j)ure  accident,  but  upon  closer  study  it  is  found  that  also 
in  the  domain  of  bacteriology  there  are  synerg^ists 
(mutual  or  one-sided  aid)  and  antag^onists  (mutually 
injurious,  or  one  to  the  other).  Nencki  speaks  of  symbi- 
osis and  enantobiosis. 

Experimentally,  Gaird  has  demonstrated  the  antagonimn  by  inocu- 
lating various  liacteria  simultaneously  in  streaks  upon  gelatin  plates 
as  parallel  or  intersecting  lines.  It  then  appesirs  that  many  varieties 
thrive  but  slightly  or  not  at  all  if  another  variety  gn)\vs  in  the 
immediate  neighborhood.  The  antagonism  is  very  often  only  on  one 
side;  for  example,  the  Hact.  putidum  grows  very  well  if  imK'ulated 
between  closely  placed,  well-developed  streaks  of  staphy loc<x<'i ;  on 
the  contrary,  the  Micr.  pyogenes  does  not  grow  if  inoculated  Iwtween 
luxuriantly  developtnl  cultures  of  Bact.  putidum,  and  if  the  two  are 
simultaneously  inoculated  in  alternating  streaks,  the  former  grows 
very  slightly  (Garr6,  "  Correspondenzbl.  f.  Schweizer  Aerzte,"  1887, 
387). 

Another  way  of  showing  antagonism  is  by  preparing  plates  of  gela- 
tin or  agar  (for  liquefying  varieties),  which,  while  liquid,  are  inocu- 
lated with  equal  (]uan titles  of  two  different  varieties  of  liacteria;  often 
only  one  variety  will  develop  (I^ewek,  C.  B.  vii,  107). 

A  third  way  of  carrying  out  the  investigation  is  to  inoculate  simul- 
taneously the  same  fluid  nutrient  medium  with  two  varieties,  and, 
later,  determine  microscopically  or  by  plates  which  is  triumphant  in 
the  battle.  This  is  what  is  commonly  observed  when  a  cause  of  fer- 
mentation is  abundantly  introduced  into  a  suitable  nutrient  medium; 
the  contaminating  bacteria  are  overgrown  and  sometimes  perish. 

From  these  observations  the  practical  conclusion  is 
reached  that /or  determining  the  number  of  bacteria  in  a  ma- 
terial the  colonies  in  the  jdaies  must  not  be  very  thick,  and  aho 
that  for  ifie  isolation  of  definite  varieties,  thin  plntes  are  nece^s- 
sari/;  for  example,  if  one  wishes  to  isolate  the  Bact. 
Pfliigeri  from  abundant  Bact.  putidum.  In  an  area  of 
several  millimeters  about  each  i)utidum  colony  no  Bact. 
Pfliigeri  will  grow  (K.  B.  Lchmann). 

Finally,  in  the  animal  body  bacteria  may  counteract 
each  other  as  antagonists  ;  as  Emmerich  has  pointed  out, 
animals  infected  with  anthrax  may  be  saved  by  subsequent 
infection  with  Streptococcus  pyogenes.  Literature  by 
Muhlmann  (C.  B.  xv,  895). 

Symbiosis  of  bacteria  appears  to  be  of  more  pTa.Q.\.\ft^\ 
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importance,  and  of  this  the  following  exainplee  may  b«r1 
cited  : 

1.  Some  bacteria  thrive  much  better  together  with  othe»l 
than  when  alone.  Some  anaerobes  thrive  even  with  th»l 
admiBBion  of  oxygen,  if  only  certain  aerobic  varieties  anr.l 
present.     (Compare  B.  tetani. )  I 

2.  Certain  chemical  transformations — for  example,  th« 
breaking  up  of  nitrite  witli  liberation  of  free  nitrogen — are 
not  accomplislied  by  many  bacteria  alone,  while  two 
varieties  jointly  may  do  bo.  This  fact  is  well  worth 
considering  when  searching  for  the  cause  of  certain  decom- 
positions. Always  ich^n  the  imlated  varieties,  acting  «i 
operate  partially  or  not  at  all,  the  effects  of  cominnaliona 
be  investigated. 

3.  In  a  similar  manner  it  is  observed  that,  for  example, 
the  single  individuals  of  a  seriefl  of  soil  bacteria  are  not 
pathogenic,  while  certain  combinations,  inoculated  into 
animals,  make  them  sick.'  (Liermann,  C.  B.  viii,  364.) 
This  experiencp  also  demands  that  especial  care  be  taken 
in  searching  for  the  cause  of  a  new  or  puzzling  disease-pic- 
ture. Many  authors  believe  that  cholera  has  its  origin  in 
two  germs,  "  dihkiMic  theory  "  (Nageli,  Buchner). 

4.  Attenuated  pathogenic  varieties — for  example,  atteD^ 
uated  tetanus  bacilli — may  increase  in  virulence  when     ' 
tivated  together  with  other  bacteria;  for  example, 
vulgare. 


*com- 
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E.  The  Conditions  of  Spore-formation 
and  Spore-germination. 

The  extent  of  the  formation  of  endogenous  spores  app< 
Mtherto  to  have  iH'en  very  inaufRcicntly  understood.    Bi^ 
ccpt  in  a  large  group  of  imftortant  varieties  of  bacilli, 
kled  to  tht^  B.  antliracia  and  the  B.   tetjini,  undoubted 

'Not' quits  u[i)>roprinl«  here  is  the  experience  that  the  metabolic 
pmlocta  of  one  vnricty  of  Iwttrinm,  iiniler  aniiip  i^ircuniHMncea,  mmj 
""Imjm  the  lu'ti'iii  r>f  ttiinthi-rvDric^t.v;  (<>r e.uimple,  the iiietnlmliopmcU  J 

U  ot  the  Duel.  vDljpir*!  tJif  aotion  of  tlie  tetanus  bocilliis. 
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endogenous  spores  are  known  only  in  Sarcina  pulmonum, 
and  the  strange  Spirillum  endoparagogicum.  * 

As  H.  Buchner  (C.  B.  viii,  1)  pointed  out,  sporulation 
occurs  in  suitable  varieties  when  the  nutrient  medium  l>e- 
gins  to  be  exhausted,  therefore  most  rapidly  on  nutrient 
media  very  poor  in  nutrient  materials. 

On  the  contrary,  a  good  nutrient  medium  not  only 
favors  the  growth  of  bacilli  but  also  the  formation  of  spores, 
in  so  far  as  the  vigorously  growing  bacilli  also  luxuriantly 
and  regularly  sporulate  (K.  B.  Lchmann  and  Osborne,  A. 
H.  XI,  51);  see  especially  also  Stephanidis  (A.  H.  xxxv,  1). 
The  crop  of  spores  is  exceedingly  large.  The  qiudiiy  (resist- 
ance) of  spores  which  are  grown  upon  various  nutrient 
media  was  not  found  by  Stephanidis  to  vary.  For  many 
details  consult  Schreiber  (C.  B.  xx,  353). 

For  sporulation  a  higher  temperature  is  sometimes 
(always?)  required  than  for  the  vegetative  growth.  The 
anthrax  bacillus,  for  example,  thrives  at  13°  to  14°,  but 
does  not  form  spores  below  18°. 

All  aerobic  bacteria  reijuire,  especially  for  spore-forma- 
tion, the  presence  of  oxygen ;  how  the  facultative  anae- 
robes conduct  themselves  in  this  respect  is  still  to  be 
learned. 

Obligate  anaerobes  only  produce  spores  if  oxygen  is 
excluded  or,  with  the  admission  of  (^)xygen,  in  mixed  cul- 
tures or  in  association  with  dead  synergetic  bacteria. 

Spores  never  germinate  in  media  in  which  they  have 
developed  when  they  have  been  exhausted  or  rendered 
detrimental  by  metabolic  products.  Only  after  transfer- 
ring to  fresh  nutrient  media  does  germination  occur,  ap- 
pearing in  one  or  more  hours,  and  having  the  morphologic 
peculiarities  described  on  page  26. 

Against  all  injuries  spores  are  substantially  more  re- 

'  As  it  is  important  for  our  classification,  we  have  carefully  sought, 
in  a  number  of  varieties  generally  considered  as  being  free  from  spores, 
to  obtain  spores  as  had  been  done  by  Mignla  (Sys.  i,  207)  by  means 
of  qaince  and  marshmallow  decoction.  \Ve  never  obtained  a  perfectly 
undoubted  result.  With  Bacterium  janthinnm  alone  we  »iw  detached 
pictures,  which  could  be  interpreted  as  sports,  but  we  have  not  studied 
their  germination.  Upon  the  common  nutrient  media  we  have  not 
once  seen  sporulation  in  a  variety  commonly  known  as  not  possessing 
spores. 
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sistant  than  the  vegetative  forme.  They  require  noV 
nourishment  and  no  water  in  order  to  retain  their  aliility  1 
to  germinate  after  years  and  often  decades. '  They  are  L 
more  indifferent  \*i  gases  than  the  bacilli,  the  spores-'fl 
of  anaerobic  varieties  usually  bearing  free  oxygen  well.*  \ 
Spores  are  obtained  by  carefully  removing  sporulating  agar  1 
streak  cultures,  and  wanning  tlic  emulsion,  prepared  with  1 
a  little  water,  to  70°  for  five  minutes. 

Very  important  is  the  resistance  of  spores  to  dry  and  A 
moist  heat.     Dry  heat  is  especially  well  borne,  a  teiui>era- 
ture  of  100°  being  withstood  by  many  spores  for  a  long 
time.     In  a  moist  condition,  a  temperature  of  70°  kills  tlie 
anthrax  bacillus  in  one  minute;  on  the  contrary,  anthrax 
spores  withstand  this  temperature  for  hours;  even  in  boil- 
ing water  or  live  steam  at  100°  they  die  only  after  two  to  J 
five,  or  at  times  after  seven  to  twelve,  minutes.     The  vary-  J 
ing  resistance  of  different  anthrax  spores  (v.   Esinarcb, 
Z.  H.  V,  p.  67;  Stephanidis,  A.  H.  xxxv,  1)  appears  to  be 
partly   a  race  peculiarity,   but   very   probably  also  the 
nutrient  medium,  the  temperature  at  which  they  were 
produceil,  the  degree  of  maturity,  etc.,  exert  an  influence 
upon  the  n'sistance.     Very  accurate  investigations  upon 
these  points  are  almost  entirely  lacking.     We  only  know  | 
from  Percy  Frankland  that  spores  formed  at  20°  are  more  I 
resistant  to  light  than  those  originating  at  incubator  tern-  I 
peraturefC.  B.  xv,  p.  101).  I 

The  resistance  of  spores  is  tested  by  hanging  in  the  I 
l>oiIing  steam -chamber  little  sarks  of  tulle  containing  fra^  I 
mcnts  or  little  |>lates  of  gUj»»  upon  which  anthrax  spores  I 
have  been  dried,  and  from. minute  to  minute  a  sack  is  r©-  ] 
moved  anil  the  pieces  of  glass  laid  upon  an  agar  plate,  ] 
which  is  then  kept  at  incubator  temperature.  A  better  way  J 
it  seems  to  me  is  as  follows:  Ic.c.  of  an  emulsion  of  spores  -I 
is  placed  in  20  c.c.  of  water,  and  after  shaking  well  five  1 

'  Aocnnlfng  to  tui  nhiwrvntion  oX  v.  Ksmarch,  if  anthrax  flporen  an  J 
livpt  n  loilK  time  the  virulence  upp<nra  to  be  rciluctsl  before  the  poumr  I 
to  vcgcltttc  Ih  itRivtod.  I 

'Simraeof  tiuiliKnnnt  edema  in  cnnlen  earth  were  well  preserved  in  I 
ny  fiutitut«  (or  fuur  yntrB.  On  the  cnntnxy,  very  astanishinKly,  I 
iBQMina  tqinrrs  dried  uixin  thn'ndf  nnd  kept  in  the  room  were  alQl  all**  J 
tfter  two  dnyn,  but  dead  af(«r  Ibree  dajrB.  J 


BESI8TANCE  OF  SPORES,  53 

samples  of  2  c.c.  each  are  removed  and  placed  in  reagent- 
glasses  of  equal  thinness,  while  in  a  sixth  one  are  placed 
2  cc.  of  water  and  a  thermometer.  All  six  glasses  are 
now  plunged  in  a  large  water-bath  containing  l)oiling 
water,  and  after  two  minutes  the  thermometer  in  the  con- 
trol tube  reaches  a  maximum  temperature  (99*^  to  IW). 
Two  minutes  later  one  removes  the  first  sample,  four  min- 
utes later  the  second,  etc.,  cools  them  rapidly  in  cold 
water,  and  utilizes  1  c.c.  and  ^  c.c.  of  each  sample  in  the 
preparation  of  plates.  For  further  details,  see  Stephanidis, 
A.  H.  XXXV,  1. 

The  varying  resistance  of  apparently  identical  anthrax 
scores  \s  ol  great  j)r(ictical  importance:  (1)  in  disinfection 
experiments,  which  should  be  carried  out  with  spores  of 
known  resistance;  (2)  in  differential  diagnosis,  as  it  indi- 
cates how  very  careful  one  must  be  in  placing  dependence 
upon  a  slight  difference  in  the  resistance  of  spores  in  de- 
termining two  species. 

Very  extraordinary  is  the  resistance  of  many  varieties  occnrring  in 
hay  and  soil.     Christen  fonnd,  for  example  (C.  B.  xvii,  p.  498),  that 
with  compressed  steam  the  resisting  spores  in  soil  were  killed — 
At  100°  in  more  than  16  hours. 
"  ia5°-110°  in  2  to  4  hours. 

"  115°  "  30  to  60  minutes. 

**  125°-130°    "  6  minutes  and  longer. 

'*  135°  "  1  to  5  minutes. 

"  140°  "  1  minute. 

The  apparatus  employed  brought  the  objects  to  the  desired  elevation 
of  temperature  very  quickly. 

Also  against  chemical  agents  spores  are  very  resistant; 
thus,  anthrax  spores  (v.  Esmarch,  I.  c.)  resist  5%  carbolic 
acid  for  at  least  two  days,  and  -  in  many  cases  as  long  as 
forty  days.  Very  resistant  anthrax  spores  withstood  a  1  % 
aqueous  sublimate  solution  for  three  days,  but  the  viru- 
lence is  lost  in  twenty  hours.  Such  experiments  are  best 
made  with  thin  suspensions  of  spores  in  water,  to  which 
the  disinfectant  is  added,  just  as  was  pointed  out  above  for 
testing  the  action  of  antiseptics  upon  bacteria  (p.  38). 

In  testing  the  resistance  of  spores  to  gases,  they  are  best 
dried  upon  pieces  of  glass,  and  the  gas  allowed  to  operate 
in  a  dry  and  also  in  a  moist  chamber  (compare  p.  41). 

Spores  are  also  less  injured  by  light  than  bacilli  ate.    ks^ 
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with  bacilli,  an  atnios|)here  containing  oxygen  is  nee 
in  order  for  injury  to  occur.  Accoitiing  to  Dieudoi 
anthnix  spores  upon  agar  plat*s  were  deail  after  an  ei  _ 
Bure  to  direct  sunlight  for  three  and  a  halt  hours  (baciUil 
in  one  and  a  half  houis);  if  oxygen  was  excluded,  an  uz-J 
posure  of  nine  hours  produced  no  injury. 


F.  The  Activities  of  Bacteria, 

Especially  in  Regard  to  the  Application  of  the] 
Same  to  Diagnostic  Purposes. 

The  activities  of  bacteria  in  the  test-tube  may  be  del 
ignated'  as:  (1)  mechanical,  (2)  optical,  (S)  tiiermal 
(4)  chemical.     They  will  here  lie  discussed  in  this  ordei 
a  fifth  section   will  show  how  ihe  activities  of  the  bao<l 
t«ria  enable  them  to  become  the  causes  of  disease  ( pa,lho-  j 
genie  action).  1 

All  the  activities  of  a  given  variety  of  >nicteriutn  are  1 
especially  dependent  upon,  (l)lhe  vumenUtry  amcHtionef  J 
the  bacUriuin;  (2)  tJie  mUrigtU  auhnlralnm;  (3)  (AfentrancvJ 
oj  air;  (4)  the  IcmpcratHrc;  (5)  the  Ulumination,  I 

Since  we  have  already  stated  what  is  most  important  ift>J 
garding  the  influence  of   temperature  nnd  light,   in  UmJ 
following   I   must  especially   discuss  t/it  ivftiterux  of  (An 
nutrient  jnediitm  and  the  adminaion  of  air  on  one  side,  and  j 
QiK  compotUion  of  the  fiivd  cnUiire  on  ih.a  other.     Thelatter 
point  must  always  he  made  especially  prominent,  in  order 
to  sliiiw,  in  ihc  largest  possible  range,  how  very  machthe 
activity  of  bacteria  ehange»,  according  an    Ihey  are  examiinii 
Vlheninaf'iUzyimiijenir.,  chromoijenir,  or  pitthogeiiic  coaditionf 
or  in  tin  aUfituited  lAate. 

*  It  iH  flclf-pviilpiit   that  b>-day  a  division  ot  bacteria  into  symo- 


Clc,  aniim^cnio,  ohromo^nio,  and  pathogenic  is  not  acoepbdile. 
I.  ouli  cauKcs,  for  uiample,  in  angiir-solationB  powerfal  fermento- 
tion ;  on  iiiitriviit  mnli*  rich  in  albumin  it  prndnovx  nbnnduit  indol 
anil  ■iilphunittul  bjrdni^ni  it  romifl  upon  potato  very  olten  a  rather 
briiflit  lirowniHli-yifltaw  oolorH]  layer,  and  vt  besides  pathogenia  hr  , 
aniinnln  nnd  ninn;   it  therelori:  uoinbinea  tlm  propertied  b*  -"   ' 


I 
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U  MECHANICAL  ACTIVITY. 

Under  the  microscope  we  easily  observe  that  many  bac- 
teria present  pronounced  inherent  motion,  and  by  study 
it  is  found  that  almost  all  the  motile  varieties  ^  possess 
flas^ella  by  means  of  which  they  propel  themselves.  The 
character  of  the  motion  is  exceedingly  variable;  for  ex- 
ample, creeping  (B.  megatherium),  wabbling  (B.  subtilis), 
rolling,  snake-like  (vibriones)  ;  sometimes  it  is  very  slow, 
and  sometimes  so  rapid  that  any  detailed  observation  can 
scarcely  be  made  (B.  typhi). 

In  manv  cases  it  is  difficult  to  decide  whether  true 
active  motion  is  present,  or  whether  the  micro-organisms 
present  especially  well-marked  Brownian  or  molecular 
motion — i,  e. ,  the  dancing  and  tremor  exhibited  also  by 
finely  divided  inorganic  particles.  In  such  a  case  it  is 
recommended  to  try  to  render  the  flagella  visible  by  stain- 
ing (Technical  Appendix),  and  also  to  examine  the  organ- 
ism in  a  drop  of  5%  carbolic  acid  or  1  :  1000  sublimate 
solution,  when,  if  tlie  motion  still  persists,  we  have  only 
to  do  with  molecular  motion.  Many  varieties  appear  on 
brief  observation  to  be  quiet,  but  on  longer  examination 
single  individuals  are  observed  to  exhibit  positive  motion. 
It  seems  that  the  endowments  with  flagella  and  motility, 
when  once  present,  are  for  the  most  part  reasonably  con- 
stant peculiarities.  Many  varieties  do  not  always  present 
motility,  it  being  absent,  especially,  on  many  media.  Ac- 
cording to  A.  Fischer,  with  faultlessly  developed  flagella 
motion  may  be  a})sent;  for  example,  in  Bac.  subtilis  on  a 
nutrient  medium  containing 2%  to  4%  of  ammonium  chlo- 
rid.  We  have  never  observed  spontaneous  motion  or  fla- 
gella in  two  different  cultures  of  the  Micrococcus  agilis  Ali- 
Cohen,  obtained  from  reliable  sources  and  grown  upon  all 
ordinary  media.  We  have  arrived  at  the  conviction  that 
the  same  variety  may  occur  either  with  or  without  flagella. 
(Compare  special  part. ) 

Th.  Smith  has  described  a  non-motile  form  of  the  mo- 

1  Upon  the  actively  motile  Spirochete  Ohermneri  and  the  slowly 
creeping  Beggiaioa  no  flagella  have  thoft  far  been  demonstrated ;  there- 
fore the  motion  is  supposed  to  depend  upon  a  narrow  undulating 
membrane  attadied  to  the  organism. 
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tile  hog-cholem  bacterium  ;  and  motile  poet  cultures  and 
motile  bacteria  of  Bepticfctnia  hfemorrbugica  have  beeii  de- 
scribed in  isolated  instances.  Compare  also  what  is  said 
in  the  special  part  rej^arding  the  Bac.  iniplexus. 

As  first  shown  by  Pfeffer,  many  chemical  substances  ac- 
tively attract  (positive  chemotaxls)  and  others  repel  bac- 
teria (negative  chemotaxis).  Oxygen  is  particularly  at- 
tractive for  aerobic  and  repellent  for  anaerobic  bacteria. 
Like  Beijerinck,  one  may  obtain  very  beautiful  chemotaxic 
or  aerotaxic  figures  in  the  fuliowing  manner  :  An  un- 
sterilized  pea  or  bean  is  placed  in  a  test-tube  which  is  three- 
quarters  full  of  sterile  water.  The  bean  gives  ofl  nutrient 
materials  by  diffusion,  which  slowly  extend  upward.  In 
tliia  weak  nutrient  material  certain  varieties  of  bacteria  in- 
troduced with  the  bean  develop  at  sharply  defined  hori- 
zontal levels,  which  slowly  extend  toward  the  top.  Cer^ 
tain  varieties  form  several  layers  above  one  another.  I 
have  had  these  interesting  statements  verified  by  Mr. 
Miodowski,  and  have  substantially  confirmed  them,  with 
the  exception  that  we  found  a  bacterium  related  to  the  Bac. 
mesentericus  and  the  Bac.  subtilis  predominantly  present, 
instead  of  the  non-sporulating  Bac.  perlibratua  Beij.,  which 
Beijcrinck  found  to  principally  compose  the  layers.  (Com- 
pare Beijcrinck,  C.  B.  xiv,  827;  C.  B.  L.  in,  1;  and 
Miodowski,  Dissert.  Wiirzburg,  1896.)  In  his  second 
work  especially,  Beijcrinck  hcis  related  a  number  of  inter- 
esting ubservatiuns,  but  I  am  unable  to  enter  into  details 
M^rding  them,  nor  Ufion  tlie  analogous  studies  of  Jegu- 
now  (C.  B.  h.  11). 

Bchenk  has  observed  a  positive  thermotropism.  If  a 
hanging  drop  is  warmed  at  one  [loint  by  a  warm  wire 
(temperature  difference  of  S"  to  10°),  the  bacteria  strug- 
gle toward  it  (C.  R  XIV,  3;i). 

2.  OPTICAL  ACTIVITY. 

There  are  tnuml,  fairly  widely  distributed,  especially 
in  media  rich  in  Siilt  fsea-water,  Ellim,  salt-fish),  fission 
fansi  which  emit  lieht,  of  which  a  considerable  number, 
iuostly  bacteria  and  vibrionos,  have  been  studied.  The 
IjthMphoreiicenco  is  a  life-symptom  of  the  bacteria  and  i 


I 
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does  not  depend  upon  oxidation  of  a  photogenic  substance 
separated  from  the  bacteria  (K.  B.  Lehmann  and  ToU- 
hausen,  C.  B.  v,  785).  Everything  that  interferes  with 
the  life  of  the  bacteria,  lessens  it  also ;  cold  makes  the  or- 
ganisms rigid,  and  interrupts  the  phosphorescence  while  it 
continues.  High  temperature,  acids,  chloroform,  etc. ,  dis- 
turb the  light-phenomenon  momentarily.  Living  cultures 
may  always  be  obtained  by  inoculating  from  cultures  that 
emit  light.  The  germ-free  filtrate  never  gives  light. 
While  no  light  is  given  oflf  except  when  the  bacteria  are 
alive,  still  the  live  bacteria  do  not  necessarily  emit  light; 
for  example,  in  an  atmosphere  of  COj.  Similarly,  a  mus- 
cle can  not  contract  except  it  is  alive,  but  may  be  alive 
without  contracting.  (Compare  also  Suchsland,  C.  B.  L. 
IV,  713.) 

Aooording  to  Beijerinck  (C.  B.  vili,  610  and  651),  aU  light-giv- 
ing bacteria,  which  he  places  in  a  (physiologic)  *' genus,''  photobac- 
terium,  require  peptone  and  oxygen  in  order  to  emit  light.  Two  of 
his  yarieties  are  satisfied  with  this  ;  the  four  others  require,  besides 
peptone,  also  a  source  for  carbon,  which  may  also  contain  nitrogen. 
As  such,  small  quantities  of  sugars  (dextrose,  levuloee,  galactose,  partly 
maltose)  and  glycerin,  as  also  asparagin,  are  suitable.  A  higher  pro- 
portion of  sugar,  because  of  marked  fermentation  and  production  of 
add,  stops  the  emission  of  light  in  some  cases.  As  for  salts,  3^  to  4% 
of  sodium  chlorid  is  favorable,  magnesium  chlorid  appears  to  promote 

the  production  of  light  still  more,  while  sea-salt  is  best. 

• 

To  preserve  the  photogenic  function  it  is  best  to  em- 
ploy a  gelatin  nutrient  medium,  which  is  prepared  from 
an  infusion  of  fish  in  sea- water  (or  artificial  sea- water  con- 
taining 3%  of  sea-salt)  with  the  addition  of  1%  of  peptone, 
1%  glycerin,  and  0.b%  asparagin.  But  even  on  this  me- 
dium, if  the  transfer  is  infrequent,  the  ability  to  produce 
light  is  soon  lost,  so  that  the  cultures  found  in  laborato- 
ries are  not  usually  photogenic.  By  repeated  frcfpient 
transfer  to  suitable  media  the  photogenic  property  may 
often  be  regained.  I  employ  two  salt  herrings,  cooked  in 
a  liter  of  water,  and,  after  filtering,  add  10%  gelatin  with- 
out neutralization. 
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3.  THERMIC  ACTIVITY. 

Tlu!  ]iro(luctii>ii  iif  w;iniilli  iliiriiig  llic  ii 
[jucteria  is  altsent  fridti  nur  ordinary  ciiltui 
their  limited  Bine;  even  luxuriantly  growing,  fermeuUng 
fluifl  cultures  betray  no  aiipretdable  warmth  to  the  baud. 
On  the  contrary,  it  is  undoubtedly  true  that  the  heat  ex- 
hihikid  hy  deconiiiosing  organic  inateriale,  when  stored  in 
a  moist  condition,  aa  tobacco,  hay,  manure,  etc.,  depends, 
at  leiutt  in  part,  upon  boctenal  activity.  With  the  high 
teintiuraturc  which  thus  occurs,  the  conjectnre  of  Lydifl 
Raliuiowitsch,  that  here  the  Uiermophilic  bacteria  are  con- 
eemwl,  eeeins  very  probable.  Accurate  investigations  into 
tha  causes  of  these  high  t^niperatun^s  are  still  lacking. 
f Compare  Rabinowitseb,  Z.  H.  xx,  154.) 

4.  CHEMICAL  ACTIVITY. 

The  ehcniicul  activities  of  bacteria,  accompanied  par-  I 
tially  by  the  protluctiou  of  light  and  always  by  a  minimum  ] 
amount  of  heat,  are  to-day,  in  spite  of  the  very  numerous 
and  Batisfuclory  investigations  of  the  last  twenty-five  years, 
(inly  known  in  the  roughest  outlines.  We  often  know 
only  tho  prindpul  producte,  without  being  accurately  in- 
formed rcgiirdiug  the  ineehanism  of  their  origin,  the  inter- 
niwliiite  iirodiu'Ls.  or  the  bixlies  oc('urring  in  small  quan- 
Utii'H. 

Tho  folloniiig  three  principal  varieties  of  cbemlcol 
activity  niiiy  be  dislinguishod : 

1.  Till-  I'lu'tcria  cUlurute  tlieif  own  body  substance,  i 
Rcgantin^  tbJH  tho  most  important  pointtf  liave  already  1 
Immju  (liecuKBc'l  ill  the  propi'r  pliiee. 

2.  The  biirteria  wku-u-  ferments,  inii'tnli-d  to  make  the 
.  nutl-ient  nnslium  in  llnii'  iirii;lilnii'bi»>il  mure  suitidile  for 
\  BMiiiniliitioTi.  Till'  |>iM<bi('l.s  wliii'li  tliit.-<  or^ur  in  the  snr- 
I  roundings  of    bucteria   nmy    lie  (iuwigniiU'd   as  metabolic 

I  {tfoducts.  . 

I      8.  The  bacteria  iifiHindlitte  iiia  tenuis  and  ilnhomte  othpn  J 

f  which  are  true  metsbollc    products,     it  is  wrong  in  J 

^principle   tu   mako  a  division   itilo  termentstlon   and] 

metabolic  products,  as  is  still  sometimes  attempted,  be-  ] 
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cause  materials  are  only  fermented  after  they  are  taken 
into  the  bacterial  cell.  Fermentation  products  are  meta- 
bolic products  produced  under  the  influence  of  special 
nutrition.     (Compare  p.  64. ) 

I.  The  Bacterial  Ferments  and  the  Changes  Produced 

by  Them. 

Under  ferments  in  the  restricted  sense — enzymes — 
(the  custom  of  calling  micro-organisms  **  living  ferments  " 
is  pa.ssing  into  disuse)  one  understands  certain  chemical 
bcxlies,  which,  in  a  minimal  quantity  and  without  being 
thereby  destroyed,  are  able  to  split  up  large  quantities  of 
definite  ehiborate  organic  molec-ules  into  smaller,  simpler, 
more  soluble,  and  more  diffusible  ones.  ^ 

We  can  only  properly  speak  of  chemical  ferments  after 
the  following  i)roperties  have  been  demonstrated: 

1.  Fermen tuition  continues  in  the  presence  of  materials 
which  are  surely  bactericidal,  but  do  not  injure  ferments; 
for  example,  phenol,  3%;  thymol,  0.1%;  chloroform, 
ether ;  or 

2.  The  power  of  producing  fermentation  is  possessed  by 
the  germ-free  filtrate,  obtained  by  passing  cultures  of  the 
bacteria  through  clay  or  porcelain  cylinders  ;  or 

3.  This  activity  is  possessed  by  the  pulverized  and  ster- 
ile ferment-preparation  oV)tained  from  cultures. 

Of  the  extraordinarily  numerous  details  which  have 
been  taught  by  Fermi's  ^  methodical  and  exhaustive  stud- 
ies, only  the  most  important  can  here  be  given.  All  fer- 
ments dialyze  a  little,  like  ordinary  albiuninous  bodies, 
through  good  parchment  paper. 

Proteolytic  or  albumin-dissolving  enzymes  are  widely 
distributed.  The  liquefaction  of  the  glue  in  gelatin  (closely 
related  to  albumin  chemically)  is  a  sure  indication  of 
the  presence  of  a  proteolytic  ferment.  Since  the  reaction 
of  the  gelatin  when  dissolved  is  always  or  may  be  alka- 
line, the  liquefaction  is  not  due  to  pepsin  (which  is  active 

*  This  definition  evidently  does  not  apply  to  rennet  ferment,  which 
coagulates  milk. 

•  A.  H.  X,  1 ;  XII,  240  ;  C.  B.  Xli,  713  ;  C.  B.  L.  I,  482. 
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only  with  an  acid  reaction),  but  to  a  Irypsin.  The  individ- 
ual bacterial  trypsins  differ  very  much  as  r^ards  resist- 
ance to  heat  (they  withstand  65°  to  70°  moist  heat  for  one 
hour),  Busceptihiiity  to  injury  by  various  acids,  etc 
Some  are  active  with  a  suitable  acid  reaction,  but  never 
more  so  than  witli  an  alkaline  reaction. 

Much  more  feeble  than  the  aotioD  Dpon  elue,  is  that  ujun  fibrin.' 
Pemii  has  employed  the  following  method  as  Uie  eoHirttt  and  Barest 
way  of  proving  the  presence  of  even  traces  of  proteolytic  fermenls ; 
Tabes  of  the  same  size  are  filled  to  an  eqnal  height  with  an  nnneatral- 
i7ieA  7%  snlution  of  gelntiii  ia  1$  atineoua  eolation  of  carbolic  acid. 
The  Bdlntion  to  be  tested  for  proteolytic  ftrment  has  2%  carbolic  acid 
added  to  it,  and  is  placed  in  lasers  upon  the  solidiBed  celatin.  Hie 
tabes  are  kept  at  room  tempemtnre  and  obnervntions  are  made  bj 
meann  of  a  Djillitucter  scale,  at  (o  how  iiinch  the  liqaefaction  of  the 
gelatin  eiteuds  in  the  eonrae  uf  days  and  weeks.  For  qnalitative  ex- 
amination, the  npper  layer  may  consist  of  I  co.  nt  a  liqaeSed  gelatin 
onltore,  steritiEed  with  carbolio  odd.'  Tills  material  also  sofBces  it 
one  wishes  to  t«at  the  inflnenoe  of  the  nntrient  medium  on  Ferment 
tonnation.  One  may  also,  by  this  method,  compare  the  action  of 
Tariona  oonoentrations  of  different  purely  prepared  bacterio- trypans. 
The  lower  the  percentage  of  gelatin  and  the  nearer  the  tcmpentlare 
approaches  that  of  the  iucnbator,  the  more  certainly  will  one  observe 
enM:U  from  traces  of  ferment.  In  such  critical  cases  the  examination 
is  continued  fourtt^en  days,  and  it  is  determined  whether  the  gelatin 
renuiins  Said  in  the  ice-box,  while  that  in  the  control  tnbc  solidifiM. 

To  ilen\onetrnle  the  formation  o/iruejJej)(ffne  from  the  albu- 
minous bodies  ortK  proceeds  as  follows: 

The  variety  of  bacteriura  to  be  tested  is  grown  upon  a  flnid  nutrient 
medium,  rich  in  nlboiiiln,  but  containing  no  ppptone  ( bloud-aerum, 
milk-ceram,  milk).  After  the  oultnre  iHgrown,  all  albuiuinons  bodies 
exMpl  peptone  are  precipitated  tiy  the  addition  of  strong  animoninm 
■nlpuate  (nlnut  30  gin.  to  SO  e.c).  Milk  and  milk-nenun  may  be 
warmed  to  11(1'  Ui  SO"  and  blood-sernm  to  about  40°.  The  precipitate 
U  Altered  ofl,  and  the  liltrate  oonleal.  A  sample  is  nuule  strongly  alka- 
line with  potjiasinmhydroxid,  and  1%  Holation  of  copper  snlpliate  added 
drop  by  drop.  A  roeo-red  color  indiniles  the  presence  of  peptone,* 
Fenui  hussh'iwn,  by  similar  methods,  tliatno  variety  of  bacterium  pro- 
docm  true  ppptone. 

'  Fermi  found  only  n  few  bocterio- trypsins  act ing  upon  fibrin,  and 
Bons  upon  egg-albumin. 

■Natiually,  acontml  test  with  2%  mrbolic-water  (fermeut-free) 
mtMt  never  Iw  oniitt«(l. 


'  Through 
■lbnm«ii¥i  l)uiL<l(M  IX 'p 
MUpLato. 
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The  production  of  proteolytic  ferments  fluctuates 

with  many,  perhaps  with  all,  species  in  a  greater  degree 
than  one  would  be  led  to  suppose  from  the  ordinary 
descriptions.  Beijerinck  found  that  one  of  two  photo- 
genic vibriones  at  first  liquefied  slowly,  but  that  after 
longer  culture  gelatin  was  always  liquefied  more  rapidly ; 
the  other  showed  exactly  the  opposite.  The  same  was  ob- 
served by  Katz  in  the  Australian  photogenic  bacterium. 
Max  Gruber  and  Firtsch  (A.  H.  viii,  369)  have  studied 
particularly  closely  liquefying  cultures  of  Vibrio  proteus, 
but  they  have  also  reported  similar  experiences  with  the 
cholera  vibrio,  Bact.  vulgare,  the  Micrococcus  pyogenes; 
indeed,  many  observers  have  even  seen  liquefying  Strepto- 
cocci pyogenes. 

We  have  observed,  also,  in  many  varieties,  that  upon  thin 
plates  single,  distinctly  visible,  superficial  colonies  of  the 
same  bacterium  present  such  varying  degrees  of  liquefac- 
tion that  a  beginner  could  scarcely  be  convinced  that  sev- 
eral varieties  were  not  present. 

It  is  very  unfortunate  that,  through  these  observations,  one  of 
the  readiest  applied  diagnostic  aids,  the  liquefaction  of  gela- 
tin, has  lost  not  a  little  in  value. 

The  causes  of  the  decrease  and  increase  of  liquefaction 
under  prolonged  cultivation  we  ascribe  to  our  artificial 
nutrient  media  or  to  the  influence  of  the  metabolic 
products  of  the  micro-organisms,  but  without  being  able  to 
give  anything  more  decisive. 

Regarding  the  influence  of  nutrient  media  upon  the  for- 
mation of  trypsin  in  a  culture  and  the  liquefaction  of  gela- 
tin, the  following  facts  are  known: 

1.  Most  circumstances  which  interfere  with  the  growth 
of  a  variety  of  bacterium  on  a  nutrient  medium  also  inter- 
fere with  the  liquefaction  of  gelatin;  for  example,  the  addi- 
tion of  phenol  and  a  large  amount  of  glycerin.  Wood  has 
observed  that  the  lessened  power  of  licjuefying  gelatin  pro- 
duced by  phenol  may  be  propagated  for  several  genera- 
tions upon  favorable  nutrient  media  (C.  B.  viii,  260). 

2.  Irj  hydrogen  and  nitrogen  the  liquefying  facultative 
anaerobes  do  not  liquefy  gelatin,*  while  in  COj,  if  they 

1 A  single  exception  is  the  B.  prodigiosnm;  but  if  grape-sugar  be 
added  to  the  gelatin,  it  also  ceases  to  liquefy. 
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can  thrive  in  it,  the  contrary  is  true. '  (Compare  Table  I.) 
Sinw  the  gases,  according  to  Fermi,  are  without  influence 
on  tlie  activity  of  the  ferment,  they  must  influence  the/or- 
■matiirii  iif  ferrmnl.  On  the  contrary,  obligate  anaerobes  pre- 
ponderately  present  most  beautiful  liquefaction  of  gelatin.. 

3.  The  addition  of  sugar  does  not  interfere  witli  the 
growth,  but  does  with  tlic  liquefaction  of  gelatin  in  the: 
case  of  many  bacteria;  for  example,  Bact,  vulgare  (Proteus 
vulgaris)  (Kuhn,  A.  H.  xiii,  40). 

Auerbaeh  has  shown  in  my  Institute  (A.  H.  xxxi, 
311)  that  sugar  influences,  in  varying  degree,  the  lique- 
faction of  gelatin  by  various  bacteria.  In  the  itistances 
examined,  this  checking  was  dej)endent  upon  tlie  fact 
that  nd  proteolytic  ferment  was  formed  in  media  con- 
taining sugar,  and  not  that  the  sugar  or  acids  formed  from 
it  interfered  with  the  action  of  the  ferment, 

4.  In  fluid  non-albuminous  nutrient  media,  contain- 
ing glycerin  but  no  sugar,  only  a  few  bacteria  produce 
proteolytic  ferment;  for  ex:iiii]il{',  II,  prodigiosum  and  B. 
pyocyaneum.  Al8oinpi'|ili>iiil"iuiniiii  tlie  ferment  forma- 
tion appears  less  than  iji  ["■|.t.iiM*  i". nil  Inn  gelatin  (Fermi). 

fUiHm  albuminous  uutriiiiL  iiniiia  thu  liquefying  bacteria 
iroduoe  bitter-tasting  ini'tiibolic  products;  for  example, 
mm  milk  in  the  case  of  many  varieties  (Hiippe). 

An   enumeration  of  the  varieties  forming  trypsia 
may  be  omitted,  since  they  are  characterized  by  their -^ 
liquefaction  of   gelatin.     The  other  bacterial  termentl 
have  IiiTii  Ifss  lliiirimghly  studied. 

Diastatic  ferments  change  starcli  into  sugar.  They 
are  recognized  in  tinH  way:  To  a  thin  starch  paste  contain- 
ing about  1%  thymol,  a  culture  containing  1%  to  2^ 
Uiymol  is  adde<l.  After  kct-ping  it  in  the  inculuitor  from 
fix  to  eight  hours,  it  is  tested  for  sugar  with  Fehling's 
solution,  when  it  is  recognized  by  tlie  reduction  of  the  cop- 
per salt  (n-ddish-yellow  pr&cipitate).  One  may  also  ex- 
amine directly  potato  infusion  cultures  of  bacteria  for 
tugar.  in  which  case  the  sugar  is  extracted  by  boiling  with 
alcohol  and  the  exiract  evaporated  to  a  syrup.  1[  is  tlien 
'   diwolvHl  in  water  and  the  rpaction  carried  out. 
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*  Aooordlnx  lo  Femii,  about  une-thinl  of  the  varieties  inrtatlK'i't*^ 
ponncai  the  abilitjr  to  lonn  snth  fennent,  but  only  on  alhuminoDB 
uutiient  mMtia  (A.  H,  Xi,  1,  tuxl  C.  B.  Jill,  713).  It  ispnxlDoa]  by 
bacilli  of  the  sobtilia  f^up  (outbnuc,  nief^therium,  FitzuuiuB,  etf. ), 
the  vibriones  related  to  the  oholera  vibrio;  besides,  MicroooDons 
tetia^unx,  Micruooccus  nuvtlitidis,  Boct.  iantliinoDi,  Bnct.  niallei, 
Bact.  pyogenes  [iBtidum,  Uaot.  pliuephotvaueiiH,  Boot,  pneummiia.', 
lioet.  gynianthiun,  Bact.  aceticum.  Tlie  remiunder  do  not  elnhorate 
it  or  it  is  donbtfnl  whether  they  do.  Bcaidt«,  all  actinoaiyors  and 
OnHpnrae  (witli  the  eiorption  of  theOo.  oimea)  lonu  sucii  a  tennent. 
Mit^  nt  these  varieties  afterward  utilize  the  sugar  further  t 
acid,  H-liile  othera  do  not;  tor  example,  Bncillns  mbtilia. 

Id  verting  ferments — i.  e.,  such  as  convert  cane'sugnr 
into  grape-sugar — are  rare,  accorcting  to  Fermi  and  Mon- 
tceano  (C.  B.  L.  i,  482).  Their  presence  is  easily  dem- 
onstrated by  mixing  a  1%  t«  Z^i;  solution  of  cime-siigar 
containing  carbolic  acid  and  the  culture  trc^ated  with  1^ 
c3rlM)Hc  acid,  and  after  a  few  hours  testing  with  Fehling's 
aohition,  and  learning  if  it  reduces  the  solution  after  Btand- 
ing.  which  cane-sugar  admittedly  does  not,  Contnil  ex- 
periments with  a  solution  of  cane-sugar  alone  are  always 
necessary.  Fission  fungi  invertin  can  (always?)  stand 
100"  for  over  an  hour;  it  is  also  produced  in  non-albu- 
minous nutrient  media,  if  glycerin  is  added.  As  producers 
of  inverting  ferments  the  above  authors  mention  only: 
Bacillus  megatherium,  B,  kilicnRO,  B.  fluorescens  liijui;- 
facions,  B.  vulgare,  and  Vibrio  cholene  and  Met+ichnikovii. 

Efforts  to  find  a  ferment  resembling  emulsin  have  been 
frustrated.  The  "  Micrococcus  pyogenes  tenuis  "  splits 
off  benisaldehyd  from  amygdalin,  but  without  the  function 
Iwing  separated  from  cell-life. 

Rennet  ferments — i.  e.,  b"xlies  which  coagulate  milk 
of  neutral  or  amphoteric  reaction,  unconnected  with  the 
action  of  acid — are  not  lacking  among  the  products  of  bac- 
teria. For  example,  cultures  of  the  Bact.  prodigiosum.  if 
not  too  old,  sterilized  by  heat  at  55°  to  (X)°,  cause  a  solid 
coagulation  of  sterile  milk  in  one  or  a  few  days  (Gorini, 
C.  B.  xn,  666). 

Thorough  investigations  regarding  the  distribution  of 
this  ferment  are  unknown  to  me.  We  may  suspect  it  in 
all  varieties  which  coagulate  milk  without  being  able  to 
fonii  lactic  acid  from  uiilk-sugar. 
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n.  The  Chemical  Activity  of  Bacterial  Metabolism. 

Ati  wjlli  tiTriiciit  iirinhi('-tioii,  sii  alst>  moat  other  chem- 
ical activities  uf  Imcteria  d«iiend  iii  great  uiL-iisuro  upon 
nutrient  media.  Tliis  is  most  striking  when  one  obsiTvos 
the  growth  o!  several  varietioaof  bacteria  upon  albuminous 
nutrient  media,  at  one  time  without  sugar  and  again 
containing  sugar.  While  in  the  first  case,  except  for  the 
fonuntiun  of  pign:ients  and  some  odoriferous  substances, 
there  is  scarcely  any  appret-isible  metabolism,  in  the  second 
case  there  often  occur  striking  distinguishing  changeschiu- 
actterized  by  the  development  of  gas  and  active  production 
of  acid.  Thus  the  organism  produces  "fermentation" 
in  the  medium  containing  sugar;  in  the  other,  none. 

Because  of  the  practical  (nnd  diagnostic)  importance  of 
the  ability  to  produce  fermentation,  there  must  first  be 
given  a  precise  definition  of  the  proceBS. 

The  expression  "  fermentation "  is  employed  in  the 
literature  with  the  most  varying  meanings. 

1.  Many  authors  call  every  typical  decomposition  caused 
by  bacteria  "fermentation,"  and  apeak,  for  example,  of 
the  putrid  fermentation  of  albuminous  bodies. 

2.  Others  limit  the  word  "fermentation"  to  proceases 
which  are  accompanied  by  evident  gas  bubbles.  According 
to  this  definition,  the  liljeration  of  nitrogen  from  saltpeter 
is  as  much  fenuentation  as  the  breaking  up  of  milk-sugar 
by  the  Bnct  acidi  lactici. 

3.  Still  others  only  speak  of  fermentation  when  there 
occurs  a  lireaking  up  of  carbohydrati-a,  with  or  without 
gHsproduetion. 

I        lonuit/ie  exjiremnn  "fermentation"  is  only  apjAieable 
I  wAen  it  %»  prirved  that  im  itrijnnimn.  jirmlucea,  along  ivilh  or  tn- 
Mecuf  ofUa  other  metabolic  prodiKls,  one  or  nurre  epeciai  meta- 
bolic proilufi   in   alrik!-n<i  airtaunl ;    ■products  of  melftholiem 
I  vhich  tdmoxl  alimys  arwe/rom  the.  merely  svperJtcicU  aptUting 
[  f^  of  an  ijuily  (lucoinjxminl  hiiclerinl  nutrient  mataruu  (gplit- 
r  hruj  Jrr-mentation).      Oxidation  ti-rmenlJition  is  more  rare 
(compare  lielow).     T'/u- essential  forfermentation  i»td- 
I  mjMiA^  presence  of  a  xpcciiii  nutrient  material,  which  the 
'^HT^  ii]tjtriiprtiUe»  veri/  eamly,  often  rijccling  vuiicriais  morv  ■  i 
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difficult  of  utilization,  which  it  would  reduce  in  the  absence  of 
fermentable  objects. 

Every  fermentation  has  the  object  of  furnishing  a  store 
of  energy  to  the  fermenting  organism.  This  is  attained 
in  the  splitting  fermentation  in  this  way: 

In  the  interior  of  the  bacterial  cell  the  complicated 
fermentable  molecule  is  decomposed  into  smaller  fragments, 
and  thus  energy  is  set  free.  I  will  illustrate  this  as  it 
occurs  in  the  common  fermentations  of  sugar,  where  the 
case  is  very  simple: 


Or 


Or 


CHiA      =      2C,HeO      -f  200, 

1  Qrape-BUgar    =       2  Alcohol        -f      2  Carbon  diozid. 

C;HiA     =     2C,H«0i 
1  Grape^ugar  =  2  Lactic  acid. 

c;h,a    =    3C,HA 

1  Grape«iigar  =    3  Acetic  acid. 


Organisms  growing  with  oxygen  excluded  especially 
utilize  one  of  these  sources  of  energy,  as  the  source  of 
energy  at  the  command  of  aerobic  varieties,  residing  in 
the  oxidation  of  resorbed  substances  through  absorbed 
oxygen,  is  cut  oflf.  Therefore  all  anaerobic  varieties  are 
endowed  with  the  ability  to  cause  active  fermentation  of 
sugar,  while  many  facultative  anaerobes  only  cause  fer- 
mentation of  nutrient  media  containing  sugar  when  oxy- 
gen is  excluded. 

As  already  mentioned  on  page  29,  Buchner  has  dis- 
covered that  by  expression  under  great  weight  a  ferment 
(zymase)  can  be  obtained  from  the  bodies  of  yeast-cells 
which  ferments  sugar  most  intensely.  These  discoveries 
have  advanced  considerably  our  understanding  of  the 
utilization  of  sugar  within  the  cells  of  the  yeast  fungus. 
We  now  know  that  the  breaking  up  of  sugar  and  the  re- 
sulting gain  of  power  originates  simply  **  through  the 
vital  process,"  but  we  recognize,  in  the  zymase,  the  spi^tial 
means  which  the  organism  makes  use  of  for  this  activity. 
Heretofore  it  has  not  been  possible  to  obtain  zymase  or 
other  intracellular  acting  ferments  from  bacteria,  yet,  for 
the  present,  we  may  suppose  that  yeasts  and  bacteria  are 
similar  in  this  respect. 
5 
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A  counterpart  to  splitting  fermentation  is  the  rarer  oxi- 
dation fermentation,  uf  which  the  most  beautiful  ex- 
ample is  the  forciiation  of  acetic  acid  from  alcohol.  Here, 
likewise,  there  occurs  one-sided  metabolic  activity  by  tlie 
acetic-acid  fungus,  which  obtains  a  large  supply  of  energy, 
not  through  the  splitting  uj)  of  an  easily  decomposed  sub- 
stance, but  through  oxidation  of  resorbed  alcohol.  The 
gain  of  energy  is  here  dependent  simply  upon  a  partial  de- 
velopment and  enhancement  of  the  ordinary  phenomena 
in  the  nourishment  of  bacteria.  ^ 

According  to  this,  fermentation  products  as  well  as  all 
other  products  of  bacterial  cells  are  metabolic  products,  and 
a  special  separate  treatment  of  fermentation  is  not  de- 
manded. On  the  contrary,  it  seems  most  suitable  to  ar- 
range the  discussion  of  the  single  bactt^rial  product*  acord- 
ing  to  whether  they  originate  in  nutrient  media  which 
contain  sugar,  or  are  free  from  it,  and  to  add  something 
concerning  such  activities  of  liacteria  as  result  in  the 
breaking  up  of  salts  of  fatty  acids,  alcohols,  et«. 


1.  Pisment  Production. 

The  pigments  have  been  but  little  studied  chemically, 
yet  recently,  through  several  pupils  of  Migula,  at  least  a 
provisional  survey  has  become  possible.  Compare 
Schneider  (A.  K.  i,  201)  and  Thunim  (A.  K.  I,  291). 

The  red  and  yellow  pigments  which  have  been 
tliornughly  studied  are  almost  all  ^  insoluble  in  water,  but 
soluble  in  alcohol,  other,  carbon  bisulphid,  benwil,  and 
chloroform.  For  the  present  they  may  be  placed  in  two 
groups: 

(rt)  Pigments  ot  the  carotin  group.  Yellow,  orange, 
rose  colored,  with  strong  sulphuric  acid  becoming  bluish- 
green  ;  with  caustic  alkalis,  orange  to  red.  In  some 
cases  the  pigments,  which  often  consist  of  a  mixture  of 

'Certainly  splittinfc  r<^nuentAlioii  is  olnayH  n  restricted,  and  only 
onder  oertain  oirciimxtaiicFS  a  hi^Iily  devel(>|ii?ij,  functinn. 

'  In  nuirked  oontniet  to  thu  are  the  lindinics  ot  H.  Freinid  (C.  B. 
XVL  fi'lO),  aouordinK  to  which  the  red  and  yellow  pi|cnienb)  prodaeed 
""7  Krar  newly  dixeovered  Imcteria  were  always  soluble  in  water  a  ' 
*n  ^oohol  and  elUer. 
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several  pigraente,  present  great  variation.  (See  Sdmeider, 
A.  K.  I,  201,  regarding  spectra  and  peculiarities.)  They 
are,  however,  closely  related  to  the  widely  distributed*  lipo- 
chromes  (pigment  substances  of  fats,  yolk  of  egg,  etc. )  and 
the  carotin  of  yellow  carrots.  (Compare  Leisenberg  and 
Zopf,  C.  B.  XII,  659.) 

(6)  Prodlgiosin  pigments.  By  prodigiosin  I  designate 
the  l>eautiful  pigment  of  the  Bact.  prodigiosum  and  its 
nearest  relatives.  It  is  soluble  in  ether  as  yellowish- 
brown  and  in  alcohol  as  garnet-red.  It  is  turned  yellow 
by  alkalis,  violet-red  by  acids,  and  brownish-red  by  con- 
centrated sulphuric  acid.  Zinc  and  hydrochloric  acid  re- 
duce the  pigment  to  a  colorless  leuko-product.  The  spec- 
troscopic behavior  is  very  characteristic. 

Violet  pigments.  In  connection  with  the  bacterium 
violaceum,  and  also  the  Bacterium  janthinum,  there  is  pro- 
duced, according  to  Schneider  (verified  by  myself),  a  violet 
pigment  (janthin)  which  is  insoluble  in  water,  readily 
soluble  in  alcohol,  but  insoluble  in  ether,  benzol,  and  chloro- 
form. If  dry,  it  becomes  yellow  when  treated  with  con- 
centrated sulphuric  acid  and  emerald-green  when  treated 
with  caustic  potash.  In  alcoholic  solution  all  strong  acids 
and  ammonia  produce  a  green  or  bluish-green  color.  A\'ith 
zinc  and  sulphuric  acid  the  color  is  destroyed  (Schneider, 
I.  c. ). 

The  beautiful  blue  pigment  of  the  Bact.  indigonaceum 
Claessen  was  very  incompletely  examined  by  Claessen  and 
Schneider  (L  c).  This  pigment  is  not  dissolved  by  ordi- 
nary solvents.  Hydrochloric  acid  gives  a  transitory  blue, 
turning  to  a  yellowish-brown  solution.  Also,  other  acids 
in  dissolving  it  cause  its  decomposition.  Caustic  potash 
turns  the  color  bluish-green.  I  am  unable  to  add  any- 
thing further. 

Different  from  these  is  the  blue  pigment  produced  by 
the  Bacterium  syncyaneum  (blue  milk),  which  I  propose 
to  call  syncyanin.  It  is  also  entirely  independent  of  the 
bacterio-fluorescein  forms  (see  below).  This  pigment  was 
pointed  out  by  Thumm  as  very  unstable ;  acids  turn  it 
steel-blue,  in  weaker  acids  it  is  blue-black,  neutral  it  is 
black,  alkaline  it  is  brownish-black.  For  details  see  the 
special  part 
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The  fluorescent  pigments  which  occur  in  the  cultures 
of  very  many  bacteria  are  identical,  according  to  recent 
investigiitionB  by  K.  Thumm.  The  pigment  which  I 
prop<Be  to  call  bacterio-fluoresceln,  when  dry,  is  lemon- 
yellow  and  amorphous.  It  is  soluble  in  water  and  dilute 
alcohol,  insoluble  in  strong  alcohol,  ether,  and  carbon 
bisulphid.  The  aqueous  solution,  when  concentrated,  is 
orange;  when  diluted,  pale  yellow.  The  solution,  when 
acid  in  reaction,  presents  no  fluorescence;  when  neutral, 
a  blue;  and  when  alkaline,  a  green  fluorescence.  In  the 
culture  the  fluorL^acence  is  at  first  blue,  and  later,  be- 
cause of  the  ammonia  produced  by  the  bacteria,  becomes 
green.  The  pigment  is  not  sensitive  tj>  oxidizing  agenta. 
Colorless  antecudt-nts  (leuko-bodiL-a)  are  not  obser\-e(i. 
Phosphoric  wiA  and  magnesium  appear  to  be  essential  for 
the  production  of  bacterio- fluorescein.  (See  also  E-  0. 
Jordan,  Botanical  Gazette,  xxvii,  lii. — Ed.) 

We  have  more  exact  knowledge  concerning  the  beauti- 
ful blue  crystalline  pigment,  pyocyanin  (C,4HnN,0).  It 
can  be  easily  extracted  from  cultures  of  Ihe  Bact.  pyocy- 
aneuni  with  chloroform,  and  separated  from  the  bauterio- 
fluoroBcein.     Thumm  has  entirely  overlooked  it. 

Black-growing  varieties  of  bacteria  have  been  hut  little 
studied.  According  to  Marpmann  (C.  B.  L.  iv,  21),  the 
black  color  is  usually  (always)  dependent  upon  a  gran- 
ular secretion  of  Kulphid  of  iron.  It  is  thus  easily  under- 
stood why  the  "  pigiiii'nt-production"  stops  upon  trans- 
ferring to  nutrient  media  free  of  iron.  The  almost  black 
tonns  of  the  Bact.  cn-rnleuni  are,  however,  certainly  not 
colored  by  Hulpbid  of  iron  (l^'hmann). 

There  have  liicn  many  investigations  regarding fluctua- 
^tion  of  the  chromogenlc  function.  All  possible  in- 
fluences which  atfect  the  growth  of  the  bacteria  unfavorably 
In  lessen  the  pRMluction  of  pigment.  After  con- 
Ihued  cultivation  upon  unfavorable  media  or  at  unfavoi^ 
ible  temperature,  etc.,  the  ehromc^nic  function  of  the 
^OKendants  may  remain  permanently  reduced.  Thus, 
men  occur,  for  instance,  examples  of  the  Bact.  syncy- 
Oeum  which  no  longer  produce  a  trace  of  pigment  in 
gar  and  milk  (compare  Behr,  C.  B.  viii,  485),  but  which 
•olor  potato  darkly  in  the  neighborhood  of  the  culture. 
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Pigment  production  appears  to  be  lessened  by  merely  in- 
frefjuent  transfers  of  the  agar  culture. 

The  Bact.  prodigiosuni  at  37°  forms  no  pigment;  if 
grown  at  this  temperature  for  a  long  time  with  constant 
transfers,  the  power  of  pigment  formjilion  is,  even  under 
favorable  circumstances,  lost  tor  many  generations  (Schot- 
telius), 

Very  interesting  experiences  with  pigraent-formiiiK 
cultures  of  varieties  which  usually  produce  colorless 
growths  are  scattered  through  the  literature;  for  ex- 
ample, Fawitzky  regarding  yellow  to  rusty-red  colonies  of 
Streptococcus  lanceolatus;  Krusn  and  Pasquale  on  colored 
varieties  of  the  Streptococcus  pyogenes  (Ziegler's  Beitrage, 
xri);  also  the  experience  recently  published  by  Kutacher, 
according  to  which  a  jiseudoglanders  bacillus,  when  ob- 
tained from  the  animal,  in  the  primary  culture  upon 
Berum  develops  a  bright  orange-red  growth,  but  after  a  few 
transfers  the  red  color  is  completely  exchanged  for  a  white 
one  (Z.  H.  xxi,  156).  Perhaps  still  more  important  is 
the  observation,  which  is  easily  made,  that,  from  some  in- 
ternal condition,  at  times  colored  and  colorless  colonies 
of  the  same  variety  grow  side  by  side  ui)on  a  plate;  for 
example,  in  Bact.  kiliense.  R.  0,  Neumann  has,  by  selec- 
tion, grown  from  the  Micr.  pyogenes  a  aureus  white,  yel- 
low, and  red  varietira  (A.  H.  xxx,  1). 

An  analogue  to  this  variation  from  internal  causes  is  re- 
lated by  F.  Hildebrand,  who  observed  in  a  stock  of  Iris 
florentina,  which  always  bore  pale-blue  Howers  each  yejir, 
the  sudden  appearance  of  two  flowers  presenting  dark 
violet  portions  arranged  in  sectors  (Ber.  d.  deutsch.  bot. 
Gesell.,  1873,  476). 


3.  The  Formation  of  Ammonia  and  Urea-fermentation. 

According  to  Pommaruga  (Z.  H.  xii,  273),  aerobic  bac- 
teria growing  in  non- saccharine  nutrient  media  always 
form  an  alkali  from  albuminous  bodies. 

When  sugar  is  present,  most  varieties,  besides  produc- 
ing alkalis,  form  acids  from  the  sugar.  In  this  way  is 
explained  the  fact  thai  many  young  cultures  of  bacteria  at 
the  beginning  are  neutral  or  faintly  acid  in  reaction  b^&u% 


70 


ACTIVirJES   OF  BACTERIA. 


of  the  small  amount  of  sugar  in  the  bouillon  (originatmg 
in  the  meat).  When  the  sugar  is  exhausted,  then  alkali 
production  advances  more  strongly  (Th.  Smith). 

The  bodies  causing  the  alkaline  reaction,  so  far  as  known, 
are  ammonia  (at  times  it  may  be  smelt),  amine,  and  am- 
monium bases.  To  determine  the  amoimt  of  alkali  formed, 
one  titrates  single  tubes  which  contain  10  c.c.  o!  peptone 
bouillon,  both  uninoculat^Kl  and  one  to  fourteen  days  after 
inoculation,  with  decinormal  acid,  using  phenolphthalcin 
as  indicator.  The  difference  upon  titration  gives  the  in- 
crease of  alkali. 

The  following  may  be  useful  as  an  example  of  the  pro- 
duction of  alkali  by  bacteria  which,  in  the  presence  of 
sugar,  form  acids  eiiergcticaJly  (for  100  c.c.  amounting  to 
6c.c.  to7c.e.  nomittlacid).  One  hundred  c.c.  of  anutrient 
medium  was  emi>loyed,  which  contained  a  trace  of  meat- 
sugar,  and  was  originally  exactly  neutral  with  phenol- 
phthalein. 


iDDOulaUnl  U'iUi  Bao- 


A  special  instance  of  the  production  of  an  alkali  by  bac- 
teria occurs  in  the  transformation  of  urea  into  ammonium 
carbonate,  CO(NHj),  +  2H0j  =COgCNH,)s. 

In  18fl6  we  stated  that  of  sixty  varieties  tested,  only  the 
Bact.  vulgare,  Bact.  prodigiosum,  and  Bact  kilicnse  were 
found  able  to  decompose  urea.  Brodmeier  (C,  B.  xvrn,  p, 
380)  has  investigated  the  urea-splitting  property  quanUta- 
dvely  with  the  BacL  vulgare,  and  my  pupil.  Dr.  Mann, 
has  retCTitly  doni^  the  same  with  tlie  Micrococcus  pyogenes 
«  aureus  and  r  albus,  with  two  forms  of  tlie  colon  liacilluB, 
and  several  sariunfc.  One  Lundntd  c.c.  of  filtered  urine, 
sterilized  at  R5*,  after  being  ti'U  days  in  the  incubator 
contiuned  abundant  NH,.  Mann  could  not  demonstrate 
any  action  by  the  sititic  culture  of  the  Rncl.  prodigiosum, 
vhich  we  had  previously  fouml  to  cause  energetic  fermen- 
tation {it  urea.     Thuit,  this  prL>p<-i'ty  alno  is  variable,  and 
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the  contradictory  results  of  authors  with  the  Bact  coli 
(aee  special  part)  and  the  Micr.  pyogenes  are  thus  ex- 
plained. 

What  are  described  in  the  Uteraturt.^  as  Micrococcua 
ureEB  l^eube,  Bacillus  ureie  Leube,  Bacillus  ureat  liquefa- 
ciens  Fliigge,  can  be  partially  identified  as  the  Micr.  pyo- 
genes r  albus  and  Bacterium  coli,  but  the  descriptions  of 
these  varieties  allow  of  no  accurate  identification.  The 
urea-splitting  function  appears  to  occur  occasionally  in 
very  many  varieties.  Warington  (C.  B.  vi,  498),  Burri, 
fIerteldtandStutzer(C.  B.  L.  i,  284)  have  described  urea- 
splitting  varieties.  Compare  also  the  investigations  of  Mi- 
quel  (Ann.  d.  Micrographie,  Bd.  i  u.  f.),  which  are  very 
interesting  biologically,  but  which  lose  much  in  value  be- 
cause Miquel  has  elaborated  a  very  singular  nomenclature 
which  does  not  take  into  consideration  the  usual  varieties. 
Miquel  has  observed  varieties  which  are  able  to  decom- 
pose as  much  as  60  gni,  of  urea  to  a  liter.  He  claims  to 
have  isolated  a  special  ferment,  urase,  which  decomposes 
urea. 

The  older  literature  can  be  found  as  given  by  Leube 
(Virchow's  Archiv,  BJ.  c,  p.  540);  the  newer,  with  the 
method  of  determining  ammouia  (according  to  Schlosing), 
by  Mann. 

3.  Formation  of  Complicated  Basic  Metabolic 
Products. 

Eai>ecially  through  the  investigations  of  Brieger  (Ueber 
Ptomaine,  Heft  i-ni,  Berlin,  Hirschwald),  besides  ammo- 
nia, a  large  numlwr  of  basic,  crystalline,  nitrogenous 
bodies  are  known  as  products  of  bacterial  metabolism. 
These  bodies  are  usually  called  ptomains  (irrm/ja,  putrefac- 
tion) or  putrefaction  alkaloids.'  They  occur,  so  tar  as 
closely  studied,  mostly  in  the  following  groups: 

'  Pot  n  long  time  the  poiumwua  pComains  werr  called  toritin,  yet  now 
■nnst  flnlhnra  call  all  bacterial  poisons  toxins,  nilJiont.  mrtireiioe  to 
Ititir  cliFinical  (nnsCitDtinn.  utiil  UHnally  une  unilvratoiids  the  t«riu  to 
torlBcIe  ttie  "  nl bum inous- like  "  bwilcrinl  imi-wHn  more  espectaliy. 
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.  Amlns.     MetbylaniiD,  ili-  ouii  triiuethjlBiiiin  : 

/CH,  /Cn,  /CH, 


1 


Ktliyleniliamin   '  /u        «"<'  'ta   hoinolugaes  d iiiiethj let liy lend i- 

lunin-putresdn, 
cadaverin,  etc,    < 

2.  Amtiioniuin  liases.     The  IwM  known  is 


OH 
Nearly  related  are  inuscarjn  (CjH,  jNO,),  vltlylcbolin  (CjH,  ,NO), 
neuridln  (C,H,  ,N,),  eW. 

:t.  Pyridln  derivatives.  Deri  veil  fmrn  pyrldln  (C.II,N),  tlie 
fcllnwinK  are  especially  found:  Collldin  {C,H,,N),  parvoHn 
(C,H,,N), 

4.  Indol  (C,H,N|  and  skatol  (C,H,N}.     Compare  page  79. 

In  addition  the  following  are  known  :  Amido-acids  (leu- 
cin,  tyrosin,  et<!.)  rolatcfl  to  guanldin,  C(.NH>(NII,)j, 
and  also  numerouH,  insufficiently  or  feebly  chamcteristic 
bodies,  wliosc  enumeration  here  would  be  useless,  since  the 
jwisons  among  them  are  not  now  recognized  as  the  essen- 
tial disease  poisons,  as  was  the  case  in  former  years. 

The  isolalioH  of  these  bodies  can  here beonly  hinted  at.  Themethnd 
of  liriet;er.  which  is  must  eniploj'ed,  is  as  follows  :  Brief  boiling  of  the 
oiilturp  or  "  d«)oiiipiwe<l  material  "  rendered  weakly  acid  with  hydro- 
ohloric  acid  ;  reduction  ot  the  flltrate  tossyrap  ;  dlaablvD  in  Ofi^  aloo- 
hol  and  free  from  impurities  (espcoiolly  trnoes  of  olbnmin)  with  Irnd 
aoetate  ;  removal  of  the  lead  ;  concentration  ot  tlie  filtrate  and  preci|ii- 
tntinn  from  this  of  the  dnnble  mltof  merouryot  the  ptomain  by  means 
of  An  aleohulio  sublimate  solntioo.  After  removal  of  the  nleohot  hy 
heat  niid  the  meroury  by  hydm^n  snlphid,  there  is  pnxinced  the 
ehanoteristic  double  |[«1d  and  platinum  oomponnd.  wh'iac  cryBlalline 
quoli^  IB  an  index  ot  its  purity.  One  inay  try  to  obbun  directly  the 
onrRbilline  hydroolilorate,  and  by  tht-nid  of  cuuHtic  Hodathe  rre«  bases, 
which  are  otUm  fluid. 

Some  ptomnins,  like  very  many  plant  alkaloids,  as 
soon  as  set  free  hy  caustic  soda,  are  easily  olitaiiiod  in 
A()ueous  solution  with  ether.  Still,  Brieger's  procedure  is 
widely  usutul,  aa  it  lake*  into  consideration  many  Itodica 
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whit'li  do  not  (lL»olve  in  ether.     For  extensive  r<?vii;w  of 
'  literature  upon  ptomauia,  see  Jacquenmrt  (C.  B.  ix,  107). 


.   Production  of  Comple) 
Metabolic  Products  ( • 


■■Albumin-like"  Poisonous 
Toxalbumins,"  Toxinsj. 


In  iulditioii  to  the  diBciisBioii  of  the  relativdy  aimply 
formed,  bneic,  less  poisonous  metabolic  produets  of  liiic- 
terin,  we  may  speak,  as  brielly  as  jKissiblc,  of  the  other 
bacterial  poisons.  From  the  standpoint  of  our  ]>reBent 
kiiowleilge,  they  may  be  divide*!  into  three  classes: 

1.  Bacterioplasmin  (Buchner).  Conij)are  Halm, 
Munch,  med.  Wochenschr,  1897,  No.  48.  1344.  The  ex- 
pressed juice  (compare  ]>p.  29  ami  (15)  of  bacteria  contains, 
in  ordinary  unchangetl  form,  poisonous  suhEtances  ;  pres- 
ent in  the  ba«;tcria  of  cholera,  typhoid,  and  tulierculosis; 
alifii'nt  in  Micr.  pyogenes  and  Bact.  antlirax.  KocIi'k 
new  tuberculin,  "  T  R,"  is  essentially  also  a  plasniin. 

2.  Bacterioprotein  (Bii(rhucr).  Under  this  hcail  arc- 
placed  albuminous  bodies,  unaltered  by  heat,  whirh  [>ri)- 
duce  ft'ver  (pyrogenic),  inllainmalion,  and  suppuration' 
(phiogogonic).  They  are  obtained  by  boiling  for  several 
hours  scraped  potato-c  id  lures  with  0.5'^,  caustic  {lotaeh 
(about  50  volumes  KHO  to  1  volume  of  bacterial  sub- 
slancc).  The  prol«-in  may  be  precipitated  from  the  clear 
fluid  obtained  by  filtering  through  paper,  by  carefully 
rendering  it  feebly  aciih  The  protein  is  filtered  out, 
trashed  and  dried,  and  before  being  employed  is  dis- 
solved in  a  small  quantity  of  weak  soda  solutiim. 

The  best-known  protein  is  tho  "old"  tuberculin  of 
Kn<^h  ;  also  mallein  lielongs  bore.  Aecording  to  Buchner 
ami  Rhraer,  all  bactcrinl  proteins  act  alike  and  ni>t  spiicif- 
icdUy. 

3.' "Toxalbumins,"  now  usually  called  toxins.  The 
isolatifl  statements  of  earlier  invesligators  (Christmas, 
Rtiux  and  Yerain,  Hankin)  were  eonfirme<l  to  a  great  ex- 
tent by  the  investigations  of  C.  Frankel  and  Brieger  (Bcrl. 
klin.  Wochenschr.,  1S90,  241  and  26S).  who  found  that 

'  RDppnmtion  is  b«rt  pmdncwt  by  Imctertal  ntid  inm-linctiTiiil  prod- 
ortd  il  ihey  slowly  dilTiiBr  from  n  Belntiii  <»i»siilo  into  lliu  hu  lieu  tan  e- 
ma  lueusB  (PoliakoEI,  C.  B.  xviii,  p.  33). 
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ageiita  which  precipitate  albumin  are  able  to  precipitate, 
from  tlio  bouillon  culture  of  many  bacteria,   amorphous  ' 
IKiisons,  which  possese  intense  and,  indeed,  almost  always 
Bijecitic  action  (like  the  living  culturee).     They  call  these  ) 
poiBuns  toza/6umijw,  and  comiMire  them  with  the  "  poison-   ' 
ous  atlmminous  bodies"  obtained  from  many  plants  (ricin  ( 
from   Ricinus  communis,  abrin  from  Abrus  j>recatorius, 
etc,)-     Most  investigators  have  regarded,  and  some  still  to- 
day regard,  the  poisono  as  unstable  albuminous  bodies 
which  have  their  origin  in  the  bacterial  cells.     Often,  also, 
they  are  compared  to  snake  poisons  and  enzymes.     Like 
these  bodies,  they  possess  a  great  sensitiveness  to  beat, 
reagents,  ligbt,  etc. 

The  toxin  may  be  obtained  as  a  crude  product  by  pre- 
cipitating it  with  absolute  alcohol  or  ammonium  sulphate 
from  an  old  bouillon  culture  of  the  bacteria,  which  had 
previously  been  treed  from  living  oi^nisms  by  a  porcelain 
filter, '  and  concentrated  in  vacuum.  If  ammonium  sul- 
phate has  been  used,  it  must  first  be  removed  from  the  pre- 
cipitate obtained  U[ion  filtering  by  dialysis  with  flowing 
water  in  a  parchment  coil,  and  then  the  toxin  precipitated 
with  al>6olute  alcohol  after  renewed  concentration  in 
vacuum.  Recently  we  have  learned  that  zinc  chlorid  pre- 
dpitates  the  bodies  quantitatively,  and  from  the  precipitate 
the  toxins  can  bo  obtained  by  precipitation  of  the  zinc  with 
ammunium  bicarbonate  and  ammonium  phosphate.  In 
the  filtrate  the  toxin  is  precipitated  with  ammonium  sul- 
phate. For  ilutiiled  mmmunications  upon  this,  see  Briber 
and  Boer  (Z.  H,  xxi,  259,  and  Deut.  med.  WochenBcbr, , 
1896,  No.  49,  783). 

From  tlie  first  there  were  strong  misgi^nngs  that  these 
"  toxalbuiiilns  "  were  only  bodies  carried  down  by  precipi- 
tated albumins,  but  having  nothing  to  do  with  albumins 
proper. 

In  connection  with  telnnus  poison  it  has  been  possible 
for  Erieger  and  C^ihn  (Z.  H.  xv,  1)  to  obtain  from  the 
crude  {Ktison,  imder  great  precautionary  measures,  by 
means  of  li'ad  acetjite  and  ammonia,  a  pure  poison.  This 
prceonts  with  eopper  f  ulphnte  anil  cttUatic  soda  a  faint  violet 

•  Mmit  »ntlilim  Imivc  tM^'ntlT  proved  thnl  loxiiiH  w*  Iwlil  tmck  ii 
pai  by  tbl]^  ^™*""  "- 


) 
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coloT,  but  otherwise  no  reaction  for  albumin.  It  is  tree  from 
phosphorus  and  almoet  entirely  free  from  sulphur.  Tlius 
it  seems  to  be  demonstrated  that  the  tetanus  poison  is 
not  an  albuminous  body. 

Also  the  cbolera  and  diphtheria  poisons  are  to-day  rec- 
ognized hy  Briefer  and  his  pupils  as  non-alhuminous,  or 
at  least  not  as  "albuminous  bodies"'  in  the  ordinary  sense. 
The  statement  of  Uscbinsky,  a!ao,  that  at  least  cert^n 
diphtheria  cultures  form  toxins  in  ti on-albuminous  nutri- 
ent media,  is  not  to  be  questioned.  But  in  contrast  to  tho 
bacterial  toxins  the  powerful  plant- poisons,  abrin  and  ricJn, 
which  in  their  properties  present  many  similarities  to  the 
former,  are  said  to  be  true  alliuminous  bodies. 

Regarding  the  other  properties  of  these  toxins,  I  will 
give  some  of  the  recent  statements,  using  the  tetanus  poi- 
son as  an  example  (Brieger  and  Cohn,  /.  c).  The  toxin 
does  not  diffuse  through  membrane,  and  consequently  is 
purified  by  dialysis  (Fedoroff,  C.  B.  xvi,  484).  Watery 
solutions  are  not  coagulated  hy  heat,  but  in  time  lose  their 
poisonous  properties.  The  poisonous  property  is  very 
much  injurinl  by  the  addition  of  small  amounts  of  acidd 
or  alkalis  to  the  solution  and  by  the  prolonged  passage 
through  it  of  carbonic  acid  and  sulphuretted  hydrogen. 
WJien  dry,  the  toxin  withstands  70°  for  a  long  time, 
while  higher  temperatures  destroy  it  rapidly.  In  a  dry 
condition,  protected  from  light,  air,  and  moisture,  it  is 
sJowJv  converted  into  an  inert  body.  It  keeps  better  il 
Wsered  with  absolute  alcoh()l,  anhydrous  ether,  and  the 
iite. 

The  statement  is  interesting  that  very  small  quantities 

•*'  bile,  pancreatic  secretion,  etc.,  suffice  to  destroy  large 

iQantities  of  diphtheria  and.  tetanus  poison  (Nencki  and 

leber    C.  B.  xxiir,  880).     According  to  Ransom,  tetaima 

lison'    introduced  by   niouth,   remains  unabsorbed  and 

-  -^-vnA     from   the    body   by    (ho   rectum    (Deut-    mod. 

■■C-h.-n^cIin.  1898.  No.  8,  117).  ,  ,.-,,■( 

TI      toxicity  of  the  purest  ti^tanus  poison  obtainable  » 

'Iraiist  unbelievable.      A  nimise  wHghing  15gm.  iskilled  j 


I 


^jo.ooooo  iiig-; 


\  man  weighing  70  kilos,  if  ei]nnll.y  sua-.  I 


\  100  mg. 


are  reijuired  to  cause  dcatli  in  vvifti^- 
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Aooordin^  to  Conmnint  Biid  Doyon,  the  toxina  ore  not  reaily-fiinned 
poiauns,  but  tlm  haily,  during;  thi;  time  of  incntiutioD,  fumislies  tbo 
tiuol  poison  throngh  tlie  development  of  a  ferment.  Tlie  )>I<kkI  nnd 
juioeof  moflolcB  from  AQimalBsufTering  from  telmiiui  act  more  promptly 
than  the  t^ixia.  Similw  rcinilts  v/erv  obtained  by  Blnmentlml  (Dent, 
med,  Wnohenschr.,  1H98,  No.  12,  lai).  (i.  G.  Bninner  oontesiB  this 
upon  experimental  grounds  (C  B.  XXIV,  IH^). 

5-  Sulphuretted  Hydros^en. 

Sulphuretted  hydrogen  Is  »  widely  distributed  Imc- 
tcriiil  pnichiol.  It  may  hn  siiiji'ly  liemoiielratiHj  iis  fol- 
lows :  By  moans  of  tlie  cotton  stopper  a  strip  of  moist 
lead-acetate  paper  is  faotened  in  the  neck  of  tlie  culture- 
tiilje,  which  is  then  closed  with  a  ruhber  caji  (made  from 
dark  rubber,  free  from  sulphur).  Frequent  oliservations 
arc  necessary,  as  tlie  paper,  which  at  first  is  brownish 
and  later  blackish,  and  often  only  tiiintly  discolored, 
stJU  later  fades  out.  One  must  not  arrive  at  n^ative 
conchisiona  too  mxm.  As  tlie  most  beautiful  method 
for  demonstrating  suljihuretted  hydrogi'n,  Ernst  em- 
ployed gelatin  (■olored  Madeira-yellow  with  sodium  ferri- 
tartrate  (ferruin  tartar,  oxydat.  [Merk]  0.5.  aq.  50.0, 
and  Na,CO,  added  until  reaction  is  alkaline).  This  is 
turned  black  by  H^.  Literature:  Petri  nnd  Moassen 
(A.  G.  A,  viii,  318  and  490)  ami  Uubner,  Stagnitta- 
Balistreri  mid  Nifinaiin  (A.  H.  xvi,  -53). 

The  sulphuretted  hydniiim  niiiy  In-  formed— 

I.  From  albuminous  bodies.  (As  is  well  known, 
boiling  Bcpjiratcs  lljS  from  I'^'-nlbumin. )  This  ability, 
ftccordinf!  to  I'f'tri  and  Maasaen,  appearsTapeciully  in  fluid 
nutrient  mrdia  rich  in  jK'plone  (.'j^  to  lO^fe  )  and  free  from 
sugar,  in  coiimTtion  with  all  the  varieties  studied,  but  in 
most  variable  dqrrces.  In  biiuillon  free  from  peptone  only 
A  few  varietiuH  (for  example,  Bact.  vulgare)  form  H,S, 
and  in  1^  pcptonu  bouillim  about  50%  (Sta^itta-Balia- 
trerj).  An)ons  sixty  varieties  studied  ui>ori  2%  peptone 
bouillon  we  fmind  twi'iitv-einht — i.  c,  47% — to  i>e  pro- 
ducers of  HjS.     (Sw  Table  I,  at  end  of  Iwok. ) 

3.  Prom  sulphur  pawder.  All  tmcterin  in  notriont  mcdin  to 
which  piirp  Buljitiiir  powlrr  l«  ni1d«i  form  mvllv  Inriwr  nmounto  of 
1I,S  tluin  «ithriiit  -nch  nn  iiddition.  IVlri  and  Maiwum  p..int  to  Ibia 
pndnction  of  II  ,S  wi  a  n^tiuU  ul  tbv  notiua  of  naaDcnil  hydrof^D,  pro- 
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diioni  by  Uio  iHict^ruk;  that  is,  tlicy  look  apoii  tliiB  pmliicUoti  of  H^S 
Bs  n  dcHKinatrtttiun  of  the  rnnuutioa  i>F  niieceiit  hyiln^n- 

:i.  From  hyposulphites  and  sulphites.  Eiqiwmlty  smdieil  in 
yeastfl,  but  alau  demouBtralul  ill  anniv  bact(!riii  by  I'ctn  aixl  Maateeu. 

4.  Friwn  sulphates.  Beijerinck  (C.  B.  L..  Bd.  I,  1)  has  provHl 
this  pniotioBlly  important  fanction  for  hie  inutile  obliiml'^  niinerobic 
Spirillaro  deeulfuricuna.  which  has  only  slight  tnorphulnnpc  chantctirr- 
istim.     With  other  bacteria  it  is  rarely  foniid  devHupcd. 

Knbnur  has  pointed  out  that  with  the  Bad.  vuliouv  the  ltbemt«d 
onnnic  snlphnr  always  saffioes  for  tbe  formation  of  K,S. 

The  praenee  of  sugar  ia  nnlrieDt  mtHJia  only  rarely  diininisliea  or 
pn^vents  the  formatioD  of  U|S,  even  if  tite  bticUiria  arculilc  toft(4ively 
temicnt  BOgar.  The  breaking  up  of  the  cu-bohydratfs  does  not  t>ri>- 
iMt  the  albnminous  bodies  frora  decomposition.     The  presence  of  salt- 


■inii  (if  oxygen  tavora  the  TonnaldoD  ot  Hfi.  With  the  paaao^  nf  air 
ttirangh  cnltDDs  of  faeultjitive  aiinerr)b«B  which  proiluce  Hfi,  the 
ainnnntol  R,S  formed  is  markedly  rrdnced,  oud,  instead,  sulphates  are 
ptifliucnl. 

Some  Cproliably  many)  hacti-ria  which  form  H,S  also 

SroJuce  fniil-sumlJing  oiercaptan,  C'H, —  SH,  which  in 
emonstrahle  by  the  green  colnr  thill  it  iinparte  to  the  yel- 
lowiah-red  isatin -sulphuric  Rcid.  Otil-  places  upon  the  cul- 
turL'-gla«s  a  tulie,  ojK-n  at  bnth  cihIb,  filled  with  glass 
pearls,  which  are  moistened  with  a  1.5%  solution  of  isatin 
in  concontratetl  milphuric  acid.  Tbi-  presence  of  sugar  in 
the  nutrient  medium  lessens  or  preventa  the  production  of 
raercaptJui  (Rubiier,  A.  H.  XiX,  I3(i). 


6.  Reduction  Processes. 


(Reihic 


n  of  pigments,  n 


We  have  seen  thiit  generally  the  aerobics  buclcna  are 
able  to  change  powdered  sulphur  into  H,S,  fur  wliich  niiH- 
cent  liydrogen  is  necessary. 

The  loUiiwing  processes  are,  indeed,  similar  to,  and  in 
part  probably  dependent  Upon,  nascent  hydrogim: 

1.  Reduction  of  the  complex  blue  litmus-pigment  nf 
methylene- blue  and  indigo  to  ci.lorlcss  leuko-producte. 
Tiii^  part  near  the  surface  in  conUvct  with  the  iiir  often 
showH  no  reduction,  but  only  the  deeper  hiyer.  By  shak- 
ing with  air  tbe  color  may  return,  but  where  there  has 
been  sUnultaueous  production  of  aci<l,  tlie  iet.\iin\n^  ca\qi 


I 
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is  red.  The  metlnxl  of  procedure  is  self-evident;  nutrient:' 
bouillon  is  tlie  niedimii  employed.  According  to  Cahen, 
all  liquefying  bacteria  reduce  litmus.  It  may  be  obserred 
very  beautifully  with,  for  example,  the  BacilluB  Suorescens 
liquefaciena.  There  are  also  iion -liquefying  varieties,  as, 
for  example,  Bact.  coli,  which  present  this  characteristic. 

2.  Reduction  of  nitrates  to  nitrites  and  ammonia. 
The  first  property  seems  to  be  possessed  by  bacteria  very 
widely,  at  least  Petri  and  Majissen  found  pronounced  ni- 
trite production  almost  without  exception  in  six  varieties 
grown  upon  bouillon  contaieiing  2.6%  to  5%  peptone  and 
O.^fo  saltpeter;  only  once  was  ammonia  alone  found. 
Runner  (A.  H.  xvi,  53)  failed  to  find  nitrite  production 
in  isolated  instances  only;  tt'arington  found  eighteen  pro- 
ducers of  nitrite  out  of  twenty-five  varieties.  According 
to  our  observations,  the  addition  of  sugar  did  not  interfere 
with  the  process  in  the  case  of  the  Bact.  coU,  typhi,  vul- 
gare,  Bac.  anthmcis,  subtilis,  and  Vibrio  cholera.  After 
five  days  upon  0.5%  saltpeter,  1%  peptone-bouillon,  the 
nitrite  reaction  was  equally  groat  with  and  without  the 
addition  of  1%  of  grape-sugar. 

The  demonstration  of  nitrite  is  conducted  as  follows: 
There  is  added  U^  the  nitrate  bouillon — also  Ut  two  uninoc- 
ulated  control  tubes — after  the  tubes  have  been  kept  some 
days  in  the  inculwitor,  some  colorless  ioilid  of  potassium- 
starch  solution  (thin  starch  paste  with  0.5%  iodid  of  potas- 
sium) and  a  few  drops  of  dilute  sulphuric  acid.  The  control 
tubes  remain  colorless,  or,  at  most,  gradually  become  fiiint- 
ly  blue.  If,  however,  nitrite  is  present,  tlnh'  -"m;-  n  il,,.]) 
blue  to  (with  an  abundant  amount  of  nitri:  i  L    i  <    n- 

iah- red  color,     ^mall  amounts  of  nitrite-    :<<l 

with  metaphenylendiamin  and  dilute  pul]>'i  im'  mi. I  i,vl- 
lowish-brown  color)  or  (moat  distinctly)  wUh  a  mixture  of 
sulplmnilic  ui-id  and  naphthylarain  (red  color).  Compare 
Dieudonn^  (A.  G.  A.  xi,  508). 

Thc^  demonstration  of  ammonia  by  the  addition  of 
Nessler's  reagent  is  oidy  allnwabli'  wilh  inorganic  and 
BUgur-fne  nutrient  media.  In  bouillon,  almost  immedi- 
ately thi'rc  occurs  n  ri-iluction  of  Nessler's  n>agenl  to  block 
mercurous  oxid.  Slril>a  of  paper  wet  with  th' 
f  be  suspended  above  bouillon  cultures,  or  i 
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I  may   be   diHtilled   after  adding   MgO  and   the  distillate 
[  treated  with  Nessler's  reagent.      Yellow  to  reddish-brown 
I  color    indicat««    ammonia.      C-ontrol  cxperiuienta    must 
always  be  made. 


I 


7.  Aromatic  Metabolic  Products. 

Often,  as  the  result  of  the  action  of  very  many  varieties 
of  bacteriii,  there  arise  from  altminin  aromatic  bodies,  of 
which  Indoi,  skatoi.  phen<d,  and  tyrosin  are  liest  known. 
Methodical  investigations  are  at  hand  regarding  the  occur- 
rence of  only  Ji)dol  and  plienol,  since  these  bodies  are 
easily  recognized. 

Demmidrathn  of  Indol. — ^There  is  added  to  the  bouillon 
culture,  which  is  preferably  not  less  than  eight  days  old 
and  prepared  without  the  addition  of  sugar,  aliout  one- 
half  its  volume  of  10%  sulphuric  acid.  If,  now,  on 
warming  to  about  80°  a  rose  or  bluish-red  color  at  once 
api>ears.  then  both  indol  and  nitrite  are  present.  The 
nitroso-indol  reaction  just  described  requiri'S  both  these 
bodies  to  be  present  foe  its  huoccbb.  With  cholera  and 
most  other  vibriones,  at  times  also  with  dijihtheria,  the 
demonstration  may  be  made  ("cholera-red  reaction"). 
Vmtaitij  the  addition  of  mlphnric  ncid  m  not  atijficiciil,  and 
it  ia  necessary  to  add  also  a  little  nitrite.  This  may  be 
added  if,  upon  warming  without  the  nitrite,  no  reaction, 
or  only  a  doubtful  one,  is  obtained.  One  adds  1  c.c.  to  2 
C.c.  of  a  0.05%  solution  of  soilium  nitrite  until  the  maxi- 
mum reaction  is  obtained.  Addition  of  a  stronger  nitrite 
solution  colors  the  fluid  Lrowninh -yellow,  and  entirely 
prevents  the  demonstration  of  indol. 

Dnwnslration  of  Phenul. — The  culture  in  non-succbarine 

uillon  receives  the  addition  of  about  one-fifth  its  volume 
hydrochloric  acid  and  is  then  distilled.     The  distillate 

res  a  flooculent  precipitate  when  treate<l  with  bromin 
water.  If  carefully  nciUralizcil  with  calcium  carbonate, 
Slhe  addition  of  neutral  very  dilute  chlorid  of  iron  gives  a 
tTJoIet  color. 

In  sixty  varieties  examined,  we  found  (see  Table  I)  indol 
'production  twenty-three  times.  Our  findings  accord  well 
the  stalementa    of   Levondowsky   (Deulsch.   rafti.. 
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As  i)roduct8  of  putrefaction  wo  find  those  given  in  the 
prece<ling  sections  :^  Aibumoses,  ammonia  and  amine, 
leucin,  tyrosin  and  other  amido-bodies,  oxyfatty  acids, 
indol,  skatol,  phenol ;  then,  sulphuretted  hydrogen,  mer- 
captan,  carbonic  acid,  hydrogen,  and  finally  marsh-gas. 

In  the  decomposition  of  different  nutrient  media  by 
various  fungi,  the  metabolic  products  just  enumerated  are 
found,  as  a  rule,  only  in  part  and  in  most  variable  com- 
binations, so  that  putrefaction  can  scarcely  be  defined 
more  exactly  by  chemical  aids  than  is  possible  by  the 
senses.  I  am,  therefore,  of  the  opinion  that  it  is  best  to 
employ  the  expression  *'  putrefaction  '^  only  in  the  general 
sense  of  the  laity  to  indicate  every  foul-smelling  decom- 
position of  albuminous  bodies.  (Compare  Kuhn,  A.  II. 
xni,  40.) 

lo.  Nitrification. 

According  to  Heraeus  (Z.  H.  r,  193),  theal)ility  to  form 
nitrite,  at  least  in  traces,  from  NH  is  widely  distributed.  ^ 
Most  investigators,  however,  agree  in  stating  that  nitrite 
I)roduction  from  NHj  exclusively,  or  at  least  prepon- 
derantly, is  depen<lent  upon  an  organism,  possessing  sliglit 
morphologic  chsiractt^ristics,  which  Winogradsky,  in  his 
original  work,  designaUnl  nilrosomomis.  For  more  diitiiiled 
description  see  spc*cial  part. 

Winogradsky  has  described  somewhat  more  completely 
the  organism  which  forms  nitrates  from  nitrites,  iind  which 
he  calls  *  *  nitrobacter ' '  (compare  special  ])art).  Both 
orgjinisms  are  alike  in  that  they  grow  only  upon  i)0()r 
nutrient  materials — on  mixtures  of  inorganic  salts  or  agar 
and  mixtures  of  salts  without  peptone  or  sugar — and  do 
not  grow  on  any  of  our  ordinary  nutrient  media.  The 
contradictory  statements  of  Stutzer  and  his  pupils  an; 
generally  considered  incornict.     Both  organisms  are  widely 

^  The  amertion  is  often  made  that  the  album inoiis  Ixnlics  are  first 
peptonized  in  every  putrefaction,  but  since  Bact.  vulgare,  H.  Zeiikcri, 
and  Bact  putidum  are  generaUy  recognize<l  as  '' causes  of  pi itn Tac- 
tion/* but  never  liqnefy  gelatin,  it  is  not  proper  to  spc»ak  of  iM'j)toiii- 
zation  of  albumin  as  being  always  present  in  putrefaction. 

*  Rnllmann  calls  attention  to  the  nitrite  )>re.sent  in  lalK>ratory  air, 
which  may  easUy  cause  mistakes  (C.  B.  L.  v,  212). 
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distributed  in  the  uoil,  in  meadows  often  the  nitrite  pro- 
duoers  aloue,  iu  cultivated  soil  usually  huth.  Both 
organisms  possess  the  greatest  theoretic  interBst,  since 
out  of  inorganic  nitrogen  and  carbonic  acid  (both  free  CO, 
and  Na,('Og  or  the  presence  of  a  bicarbonate  is  necessary) 
they  are  able  to  build  up  their  body  substances,  t.  c, 
albumin,  without  the  aid  of  chlorophyll,  which  the  higher 
plants  require. 

p.  F.  liicliter  {C.  E.  xviit,  p.  129)  often  observed  markad  nitrite 
reaction  in  urine  freshlf  nbtnintd  witli  a  catheter.  From  one  Hpecitnen 
or  urine  he  iiMlat«l  a  ine(liiitn-«iizc<l  ooccdb,  whioli  prodnoed  verj*  in- 
tatae  nitrite  reactioii  in  Iresh  urine  in  twenty  muinlts.  It  also  to- 
dooed  nitrate  to  nitrit«. 


It.  Transformation  of   Nitrites    Tand    Nitrates)    into 
Free  Nitrogen  ( Denitrification). 

An  entire  series  of  orgaiiirims,  which  are  widely  distrili- 
uted  in  dung,  straw,  field-soil,  and  filthy  water,  set  free 
gaseous  nitrogen  from  nitrites  (denitrification).  Many  are 
able  simultaneously  to  Iransforrn  nitrate  into  nilrit*!,  also 
alone  to  set  free  gaseous  nitrogen  from  nitrates  (for  ex- 
ample, Bacterium  Stutzeri,  B.  pyocyaneum — compare 
special  part),  while  others  require  eynergetic  bacteria  to 
cnange  the  nitrate  into  nilrite  (for  example,  Bact  denitri- 
ficans).  Compare  Burri  and  Stutzcr  (C.  B.  L.  i,  257,  350, 
392,  422);  Weissenherg  (A.  H.  XXX,  274). 

For  the  deraonstrsition  i>f  the  denitrifying  action  of  bac- 
lerin,  there  is  addeil  tii  a  Uti;rof  urdinary  bouillon  2.5  gm. 
o(  sodium  nitrate  ur,  b'^U.-y, — sincp  mdy  thus  are  all  deui- 
tritring  varieties  Toi-«i-ni7.<:(l,^ni'ifiiim  nllnte. 

As  was  first  coniph'tfly  tli'uiiKistriitt'il  in  my  institute  by 
/■eisacnberg  (Burri  and  .SluUur  hail  made  some  similar 
«<-rviitions),  the  n-diirUun  of  nitrite  to  nitrogen  is  much 
Dmotcd  by  the  exclusion  of  oxvpcn,  and  is  markedly  or 
tnplotGly  inhibitdl  by  very  free  entrance  of  oxygen 
niwth  ill  shallow  layers  of  fluids  or  with  air  passing 
ipiugh).  The  organisms  thus  break  up  the  nitrite  to  ob- 
dn  oxvgt>n,  and  there  thus  originate  considiTable  quan- 
jes  of  NaOH  ()r  Na,C<>,,  so  that  tin.-  fluid  becomes 
rougly  alkaline. 
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The  test  for  denitrification  is  best  made  with  fermenta- 
tion tubes  fp.  90j,  as  tliu  liiitntiicv  of  cisj'Keii  is  here  iiiter- 
fered  with;  still,  usually  test-tube  cultures  suffice.  There 
(KMiurs  an  abundant  prcMiuction  of  gas,  which  is  not  ab- 
sorbed by  KHO  (uot  COj ),  nor  by  KHO  and  pyrogallic 
acid  (not  0),  and  does  not  burn  (notH  or  hydrocarbons), 
therefore  is  nitrogen. 

According  to  Stoklasa,  the  denitrifying  action  of  bacteria 
is  most  pninounced  in  nutrient  materials  which,  like  de- 

I  cayed  vegetable  matter,  straw,  nnd  manure,  contain  ahimd- 
antly  the  pentose,  xylose  (CrH,dOj).  Recent  litera- 
ture upon  denitrifying  varieties  :  H.  Jensen  (C.  B.  L.  iv, 
401),  Kiinnemann  (C.  B.  L,  iv,  906).  Here  are  also 
described  further  denitrifying  bacteria  :  Bact,  agile  Amp. 
and  Gar.,  Bacillus  Schirolukhi  Jensen,  Bact.filefaciensJen- 

,  Ben,  Bact,  centropunctatura  Jensen,  Bact.  Hartlehii  Jen- 
Ben,  Bact,  nitrovarum  Jensen,  Vibrio  denitrificans  Sev.  ^ 
tiliysl  do  not  liquefy  gelatin  and  are  also  able  to  break 
up  nitrate  without  the  aid  of  synergetic  bacteria.  The 
practical  significance  of  the  denitrifying  organisms  is 
very  great.     They  rob  the  soil,  manure,   etc.,  of  the  ni- 

.  trates  and  nitrites  which  are  so  necessary  for  the  nourish- 
ment of  plants,  and  so  are  powerful  enemies  of  agricul- 

\  tore. 

13.  Assimilation  of  Nitrogen. 

While,  according  to  our  present  knowledge,  none  of  the 
[  higher  families  of  plaiita  are  able  to  assimilate  nitrogen 
[  from  the  air,  this  property  occurs  in  one  variety  of  bacter- 
I  ium,  Bacillus  radicicola  Beyerinck.  This  bacterium  oc- 
[  curs  in  the  small  root-tul>erclea  of  various  leguminous 
I  plants^  (peaa,  clover,  etc.),  and  may  be  cultivated  from 
I  tlicm.  It  grows  poorly  or  not  at  all  upon  the  usual  nutri- 
I  ent  media,  but  well  lipon  an  infusion  of  pea  leaves,  to 
'  which  is  added  7^  gelatin,0.259o  aBparagin,and0.6^cane- 
BUgar.     It  does  not  liquefy  gelatin,  does  not  form  spores 


1  According  toSeverin  iC.  B.  L.  in,  504),  there  are  yet  mnny  ni 
nitrirj-ine  Turietiee ;  lor  exninple,  Bacillns  sabtUia  (or  closely 
cd  vorictiea),  Barterium  iiulicum,  mid  a  wocos. 

•  Ri^icirdinK  the  Bihereles  ot  the  nlder  wliich  a 
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and  is  non-motile.  From  the  various  fiimilioe  of  legunn- 
rosijB  varioUH  forms  of  Imcteria  are  obtained,  wliusc  mor- 
phologic differermes,  ai>  ftir  aa  gedurally  definitt^ly  proved, 
appear  very  slight.  Yet  every  race  of  tiact^irium  is  espe- 
cially adapted  to  oue  family  of  leguminose,  and  not  every 
race  is  able  to  cause  tubercle  formation  on  every  family  of 
leguminoBe.  There  are,  however,  "neutral"  tubercle- 
forming  bacteria  free  in  the  soil,  especially  adapted  to  no 
family  of  leguminose  and  able  to  produw  tubercle  forma- 
tion in  very  different  families  of  legiiniinoses. ' 

With  the  aid  of  these  root- tube  re  li«  which  ari;  due  to 
thi'  immif,'ration  of  the  root- bacteria,  the  legiiminoste  ore 
iLMpahli;  lit  thriving  upon  relatively  st«rile  soil  very  poor 
in  nilroj,'en.  The  bacf^^ria  iiUTcaae  in  the  tubercle  and 
assume  bizarre  forms,  forked,  8tar-sba{>i!d,  etc,  thon  die 
out  and  are  absorbed,  the  plant  thus  receiving  the  Ijenefit 
of  the  nitrogenous  conlenta  of  the  tubercle.  If  one  ploughs 
the  luxuriantly  growing  legumiuL'S  (lupines)  into  sandy 
soil  (green  manuring),  the  latter  is  generally  so  cnricliwi 
with  nitrogen  that  plants  cMi  now  thrive  that  are  dei>cn- 
dent  upon  the  store  of  nitrc^en  in  the  soil  (wheat,  eti;,). 
Consult  Stutzor  regarding  tho  questiou  of  formation  of 
lubercles  (C.  B.  L.  i,  6S;  ii,  650  and  665). 

MaaC  (A.  I'.,  1897,  No.  1,  44)  Ims  undoubtolly  shown 
that  nitrogen  is  also  assimilated  by  puriMrnlturcHof  bacteria 
(infusion  of  beans,  2%  caiie-sugar,  1  %  ehlorid  of  sodium, 
15%  gelatin)  accompauie<l  by  gn^tconKutuptinnof  sugar, 
and  also  in  fluids  poor  in  nitn^en  containing  2.6%  of  sugar. 
The  free  passai;u  of  air  over  the  culture  is  very  important. 

For  n  Iniifc  tiiiii'  ciilturca  of  thi;  hncWin  of  leKniue-tuhorclm  hare 
been  wild  fur  Uii'  fcrtilixutiun  of  soils  jmot  in  liacleria  and  iiitro|:fn, 
but  with  Hiimcii'iit  iiiiiunil  Dnnstil^eiiU,  nndi-r Ui<-  niinii^ "  nitragen.'' 
lC.\iiii]iiin'  Wolliiy,  ViiTle  Sitsiiiig  dcs  hH.VPr.  I,.iriilv\ii  lwh:ift.-;niW, 
I-ilN,  11.. n  LI.  I  EDovntt;  apre]inration  known  LI-- --alinit  "  iNf^  In-i'M 
(ulviH-uiiil  I.I  iiioronae  llieyioldof  whont.  It  is  ;i  ili  ii-,l  |B>i.i(ii].i.|i:.rv 
liiHi.  wlm-li  in  imprt^innUHl  with  veiyabniHiiiiii  .-j-m-  <.l  lin-  -nulliil 
lliwiiUuH  Kllt'iiha)!licnnt<i,  IdpnUonl,  nmnrditiK  in  l^ui'k,  nitJi  tlii: 
BacllliiH  niihtilia,  or,  more  prdpirly,  opconliiig  Iii  Slukluaa,  with  tlie 

'  ICciainling  this  point,  lately  di'tc^ixlnl  CRprcinlly  by  Noblic  nml  hU 
pnpilH.  it  iiiiiMt  lie  niiintionitl  that  ollnr  nnthuro,  .iit,  fur  exoRipIr,  timi- 
nemwtm,  iiiuiiitoin  a  iTirv^^F  dillen'iKf  For  tlic  viiriuiw  tnliRn>ltvjirodiuv 
Inn  hnobrin.  Ah  wi'  hiivi-  nuuli'  tin  iirlKiiial  invFHti^tions  in  the 
tnntti-r.  wv  i\e%ist  fnini  further  delMllH. 
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B(K  mqathenani.  AocordinK  to  the  latter,  this  fertilizer  acts  as 
lollows:  Tlie  Bncilli  myH>ides  and  mFgatherinm,  ia  the  flrat  place, 
in  a  nutrient  medium  pour  in  nitrogen  store  up  atmospheric  nitrogen 
in  the  soil;  in  the  secoud  place,  they  uhange  the  niltnte  into  lunain- 
nia  and  an  protecl  it  agaiitiit  Uid  denitriTjing  orgontauia.  Stoklosa 
(C.  B.  L.  IV,  S17|.  lAnck  saw  practically  no  vnlne  in  nlinit 
jtl  B.  L.  V,  SO);  StoklBBa  aserta  very  good  results  by  many  u))- 
aerrera  (C.  a  L.  v,  350), 

Recently  the  qoeation  has  been  advanced  as  to  whether  nitrogcn- 
aBBiinilatingarganiiHnKare  notmorewidclydiHtributcd,  WinoKradsky 
has  shown  in  the  cune  ot  a  CI.  Pastenrianani,  closely  related  to  the 
ClostridiDm  hutyricnni,  that  it  ntUizea  the  enei^  uitAincd  hy  the 
femirntAtion  of  sufftir  in  the  buildinie;  up  of  orjiaiiio  Aul)Ataiicfs  rmin 
atmospheric  nitrogen.  Similar  olnenations  bare  Iteen  mode  with 
molds  and  a  spirillnm. 

\3.  Formation  of  Acids  and  Alcohol  from  Carbo- 

li yd  rates. 

As     pr»illt<;J    nul.    t.y    Tlii-olwM    Siiijlli    (C.  11.    XVIII.    1). 

the  fiirrii:itiii!i  ii{  free  nriih  js  only  ptHwilili;  upon  nutrient 
media  containing  sugar.  The  acid  formation  in  ordi- 
ii:iry  liiinillim  only  occurs  Ijecausc  of  the  presmiccof  grape- 
eugiir  ( vrry  aiiiall  aiiimint  originsitinR  in  llip  meat). '  Ac- 
cording to  Smith,  all  oliligateorfacultative  anaerobes  form 
adds  from  sugar,  while  the  strict  aerobic  varieties  either 
do  not  at  all  or  only  m  slowly  that  the  acid  formation  is 
p  concealed  by  u  i-m-. -[j-.i..!!!!-  |.n)iluction  of  alkali.  Be- 
rforo  knowing  of  ill!  1 1  we  had  determined  that 

LaU  those  varielir^  r  :  i        i  lir  atlas  which  we  exatn- 

llncd  (til»oiit  eixfv  I  |.!  ,  |ri, ,  .1  ihmt-c  or  less  free  permanent 
■  acids  in  peptone  bouillon  ciiiilaiiiin<;l9E>  grai)e-8Ugar  (com- 
tpare  Table  I).  In  connection  witli  the  production  of 
F  at-ids.  perceptible  gas-form  a  ti  on  wna  either  present  or  ab- 
Esent.  Intense  acid  [irnilnelifin  tii.tv  r-.iiipo  the  death  of 
Icultiires  (for  exiimpli-,  lla-t.  .uli,  IVnt.  viilgare,  etc.). 
I  H" -11  stroll  1  n'crnliy  kIkhhH  iIi-iI  mil' h.  >ince  it  strongly 
I  (avored  ibe  production  of  :irir|.  i  -[i.Tinlly  in  poor  nutrient 
1  nie>liu(  bouillon  ivithniit  peptone),  ean  shorten  enormons- 
Kly  the  <luration  of  the  life  of  cultures.      In  peptone-free 

P  'AccnnlinK  t«  Th.  Smith,  7ii;£  of  contmrreinl  I>eer  conlnina  srKniH- 
B  eant  oiiionnlonrsuKsr  (up  liiO.Sft).  KcuanlitiK  Uic  rumnval  of  this 
l>M(mr,  ootisnlt  liicTechnieiil  Appen<lix  under  the  prepiimtiou  uf  iiutri- 


86  ACTIVITIKS   OF  BACTERIA.  H 

bouillon,  0. 1  ^  of  sugar  Hufliced  U>  kill  the  cholera  vibrio 
iu  a  few  days,  0.2^0  the  Baet.  typhi,  and  0.3%  moet  bac- 
teria. Ill  Bolutioiia  rich  in  peptone  the  Bitgar  jiroduced 
less  harm. 

Since  by  many  varieties  the  aeid-p reduction  with  the 
reduction  of  sugar  is  very  rapid  and  iiitenee,  one  dosignat«H 
this  raetabolisra,  brought  about  at  the  expense  of  the 
carbohydrates,  aa  fermentation  (compare  p.  64).  Be- 
cause not  rarely  giia  is  produced  in  abundance,  this  desig- 
nation also  eeenis  proper  to  the  laity. 

If,  after  the  Bugar  is  exliausted,  the  quantity  of  acids 
produced  is  not  such  as  to  kill  the  bacteria,  then  in  the 
nutrient  medium,  now  free  of  sugar,  other  metabolic  pro- 
cesses occur  and  the  acids  are  neutralized  and  tlie  reaction 
becomes  even  alkaline. 

Among  the  acids  produced  (beaidey  the  carbonic  acid, 
to  be  spoken  of  under  "  gas-formalion  " )  the  most  impor- 
tant, so  far  a^  we  know,  is  lactic  acid;  almost  always 
there  are  at  least  traces  of  formic  acid,  acetic  acid,  pro- 
pionic acid,  butyric  acid,  and  also  not  rarely  some  etiiyl 
alcobol,  aldehyd,  or  acetone.  More  rarely'lactic  acid  is 
absent  and  only  the  other  iicids  are  produced. 

For  obtaining  and  separating  the  acids  one  proceeds 
somewhat  as  follows:  Oue-half  liter  of  peptone  bouillon 
containing  from  2^^  to  5%  of  grape- or  milk-sugar  is  placed 
in  liter  flasks,  and  about  10  gm.  of  carbonate  of  calcium 
added  to  each.  The  acids  produced  unite  with  tlie  calcium 
carbonate  as  soluble  sails,  and  carbonic  acid  escapes.  The 
reaction  of  the  fluid  remains  neutral,  and  that  is  the  prin- 
cipal thing;  a  strong  acid  reaclion  would  prematurely 
binder  further  growth  of  the  bacteria. 

When  growtii  ceases  fatter  eight  to  fourteen  days),  the 
insoluhie  c-arboualt-  is  filtiT.-d  nIT,  and  frmn  the  fluid,  with 
neutral  reaction,  \\\c  alcohol,  aldehyd,  mid  acetone,  etc., 
proeentare  removrrl  by  dislilbitimi.  tliiis  reducing  very 
much  the  amount  of  tiuiJ.  The  three  mentioned  euh- 
Btancis  are  testcil  for  together  bv  Lichen's  iodoform  re- 
Mtion.  To  the  slightly  warm  fluid  in  a  test-tulw  are  added 
fivo  to  six  drojis  of  a  pure  Wfn  aqueous  solution  of  caustic 
potash;  then  drop  hy  drop  a  weak  solution  of  iodid  of 
potaBBUm  is  added  until  a  brown  color  appears,  and  the 
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1att«r  is  again  dissiputLil  by  n  dn>p  of  potneb.  Tlie  pres- 
ence of  iodoform  is  proved  by  tbe  characteristic  odor 
and,  microecopicidly,  by  the  small  six-sided  iodoform 
plates.  For  the  differentiation  of  alcohol,  aldehyd,  and 
acetone,  consult  Vortniann;  Anal}-se  organ.  Stoffe,  1891. 

Then  one  acidifies  strongly  witli  phosphoric  acid,  and 
with  the  aid  of  a  current  of  steam  distils  off  the  volatile 
acids.  The  distillation  must  be  long  continued,  as  the 
complete  se{mration  of  the  volaiile  acids  is  difficult.  The 
non-volatile  lactic  acid  (tt^ther  with  some  succinic  acid) 
remains  behind  and  is  separated  by  repeated  shaking  with 
pure  ether,  thi-  ether  then  being  distilleil  oBE. 

The  lactic  acid  obtained  is  always  ethyUdenlactic  acid, 
CHj.CHOH.COOH,  which  occurs  in  two  stereoiBoraeric 
forms  :  (Ij  dextrorotatory  with  levorotatory  line  salts  ; 
(2)  levorotatory  with  liuxtrorotatory  zutc  salte.  If,  asia 
fre<iuently  the  case,  alriiost  equal  molecultsof  levorotatory 
and  dextrorotatory  lactic  acid  urc  present,  then  the  mix- 
ture ie  optically  inactive  and  is.  the  so-catled  "fermenta- 
tion lactic  acid."  I  tielieve  that  often  both  lactic  acids 
originate  from  sugar,  but  that  many  bacteria  use  up  one 
acid  exclusively  or  principally,  while  others  appropriate 
tJie  other  acid.  Thus  may  occur  now  a  uniform  mixture 
of  both  acids,  now  one  acid  exclusively  or  preponderantly. 

Since  Schanlinger  (Mitt,  f.  Chem.  xi,  545)  first  discov- 

ed  the  previously  unknown  levorotatory  lactic  acid  as  a 
product  of  a  short  bacillus  from  water,  many  invesliga- 
ions  have  been  made,  especially  by  the  pupils  of  Nencki 
and  Rubner,  regarding  the  lactic  acids  formed  by  different 
varietiea  of  bacteria,  with  the  hope  of  utilizing  the  results 
in  differential  diagnosis. 

For  the  methtMls  tor  determining  which  lactic  acid  is 
present,  consult  Nencki  (C.  B.  ix,  ^5)  and  Gosiu  (A.  H. 
MI,  114).  They  have  to  do  mth  the  determination  of 
polarization  and  the  water-content  of  the  zinc  salt. 


»  ACTIVITIES   OF  SACTEBIA. 

The  most  important  results  of  the  investigations  are  : 


LiVOKOTl- 

Lactic  Ado. 


B)W.  Bischleri 

Bac.  typhi 

Micnio.  aciili  parulactioi 
Vtlirln  cholnw  (Calcutta) 
Vibrio  oholercu  ( Museiiui) 
Vibrio  Metsohiiikovi .  .  . 
Vibrio  iliuiubiciia  .... 
Vibrio  "Weniiekii",  i,  ii, 

Vilnio  "  Dunbnr "  .   .    .    . 

Vibrio  prateos 

Vibrio  Woibel 

Vibrio  liooboS  b 

Vibrio  berolintnsis    .  .  . 

Vibrio  Minntilis 

Vibrio  tyroftpnes     .... 
Vibrio  RonhoS  a 


While  at  present  these  results  aro  imt  of  much  value, 
yet  a  continuance  of  these  theoretically  iutcrcfiting  studies 
is  desirable,     (Compare  spetual  part,  under  Vibrio  choleric 
[  and  ^act  coli. ) 

k      Varione  haett-ria — often,  however,  insulfii-icntly  studied 

■morpholf^iciilly  or  biologically — ore  able  to  produce  buty- 

"tJc  add.  Buty)  alcohol,  or  both  fmin  carbohydnites. 

For  a  review  of  these  varieties  see  Baler  (C.  B.   L.  r, 

"■).     ConiiNtn-   in  i>|i>i-ial  jiart  :  Bac.  butyricua  Hiipjic, 

ic.  hutyriciis  Botkin.  ("'loslridiiuii  biityricum,  etc. 

In   coiuii'diiin    whli    tlic   fLTincntati'im   of  sugar,  de- 

impositlon  of  cellulose  miiy  lie  uiunlicmivl  us  I'niised  by 

Ivariou.s  hiU'Icria.      It  in^curs  es))ccial)y  in  the  gastric  and 

intestinal  cnntcnts  of  bcrbiviirn,   and  ali<o  in  quagmire, 

ind  forms  niarHb-gns  ns  its  striking  prwhiet, 

■  The  sbifainifiilA  rrwinliiig  tlii>  onii  i^niiip  are  from   Neticki  (C  V. 
;  rrteardtaK   tlic   tvphoiil,   rmni    Hlachiil^iii  ;  f'tsinlinR  tlw 
ngronp,  from  K iipniiiioiv  (A.  H.  XIX,  2K1,  UtilJ  mid  C.iviia  (A. 
-1,  114). 


PRODUCTIOS   OF  GAS. 

Unfortunately  tlie  fermentation  of  ctillulose  by  bacteria 
is  insufficiently  studied.  Ho  much  Heern^  certain,  that  at 
leiut  one  anaerobie  variety  converts  cellulose  intn 
marsh-sas  and  carbonic  acid.  Yet  Van  Senus  main- 
ttiiiiB  that  the  anatTubic  "Bacillus  amylobacter, "  iso- 
lated by  him,  attacks  cellulose  only  in  symhiosis  ivitli 
another  small  bacillus.  (Compare  thn  rf-sum^  by  Her- 
leld,  C.  B.  L.  1,  74,  114,  and  also  the  special  part,) 


« 


4.  Oas-production   from    Carbohydrates    and   Other 
Fermentable  Bodies  of  the  Fatty  Series. 
The  only  giis  eveiitu:Uly   arising   in  visible  quantity' 
I  in  nutrient  media  which  contain  no  su^ar  is  nitr<^n 
I  (comjiare  page  82). 
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If  suear  is  broken  up  eiiergeticaily  by  bacteria,  gas- 
formation  may  be  absent,  only  lactic  or  acetic  acid 
being  proiluced  (for  example,  Bafi.  tyi)hi  on  grapf'- 
augar),  but  very  often  an  enormous  production  of  gas 
occurs,  especially  if  air  ia  excluded.  About  one-lliird 
of  the  vigorous  acid-forming  varieties  produce  abundant 
gas,  which  consists  always  of  carbonic  acid,  with  a 
constant  admixture,  according  to  Smith  (C.  B.  xvm,  1), 
of  hydrogen.  Marsh-gas  appears  to  be  rarely  formed 
(aside  from  the  bacteria  causing  fermentation  of  cellu- 
lose).     Compare  in   special  part :  Bact.  brassicie  acidie. 

To  determine  whether  gas  is  formed,  the  shake-culture 
in  \t/o  gnipe-augar  agar  la  vory  useful  (Fig.  II).     After 


Pig.   12.— Fcniu'i 


twenty-four  liours  (if  incubator  temperature  is  available, 
)  flftsa  after  six  to  twelve  hours)  the  agar  is  beset  by  gas 
bubbles  or  cleft  by  numerous  deep  holes  and  crocks.  If  it 
itfdeeiral'le  U\  collect  and  measure  the  gas,  to  investigate 
ha  iiurve  of  the  intensity  of  gas  production,  or  to  analyze 
',  the  gas  is  best  collected  after  the  method  of  Th.  Smith  io 
fermentation  tube,  such  as  has  been  long  employed  in 
ihj-siologic  and  pathologic  chemistry  (Fig.  12). 

The  tubes,  which  preferably  have  the  same  form,  axe 
""lod  with  1  %  grajie-sugar  peptone-bouillon  (without  air- 
'blrs)  unci  sterilized  in  the  steam  st^Tilizer. 

sr  inoculating  with  a  platinum  loop,  tbey  are  kept 
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in    the  incubator   and  the  following  observations   made 
(Th.  Smith): 

1.  If  cloudiness  occurs  only  in  the  open  limb,  then  one 
is  dealing  with  an  aerobic  variety;  if  only  the  fluid  in  the 
closed  limb  becomes  cloudy,  while  that  in  the  bulb  re- 
mains clear,  then  an  anaerobic  variety  is  present. 

2.  One  notes  the  daily  gas-formation  by  an  ink  mark, 
and,  if  the  tubes  are  graduated,  in  four  to  six  days,  after  the 
gas  production  has  ceased,  the  percentage  of  gas  formed  on 
each  day  can  be  determined. 

3.  A  rough  analysis  of  the  gas  is  made.  With  this 
object  in  view,  after  indicating  the  quantity  of  gas  pro- 
duced by  means  of  a  mark,  the  open  bulb  is  completely 
filled  with  10%  solution  of  c^austic  soda  and  closed  tightly 
with  the  thumb.  The  fluid  is  shaken  thoroughly  with 
the  gas  and  allowed  to  flow  back  and  forth  from  bulb  to 
closed  branch  and  the  reverse  several  times.  Finally,  the 
gas  is  allowed  to  again  rise  in  the  closed  limb,  and  after 
removhig  the  thumb,  the  new  volume  of  gas  is  read.  The 
part  removed  consists  of  CO 2 ;  that  remaining  consists  of 
nitrogen,  hydrogen,  and  marsh-gas.  For  quantitative 
analysis  of  these  gases  it  is  best  to  employ  Hempel's  gas 
pipet.  (Compared.  Winkler,  Lehrbuch  der  techn.  Gas- 
analyse,  Freiberg,  1892. )  The  principle  of  the  method  is 
that  hydrogen  mixed  with  oxygen  carried  over  red-hot  pal- 
ladium asbestos  is  converted  into  water,  thus  disappear- 
ing; marsh-gas  in  a  red-hot  platinum  capillary  is  burned 
up  to  carbonic  acid,  and  as  such  is  determined;  what  is 
left  is  nitrogen.  With  some  practice  the  investigation  is 
easy  and  accurate. 

15.  Production  of  Acids  from  Alcohols  and  from  Other 

Organic  Acids. 

The  transformation,  in  weak  solutions,  of  ethyl  alcohol, 
under  energetic  consumption  of  oxygen,  into  acetic  acid 
by  the  Bact.  aceti  or  its  nearest  relatives  has  long  been 
known  (compare  p.  66  and  special  part): 

CH,  +  O,  =  CHj  +  H,0 
CHjOH         COOH 
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Also  higher  alcohols:  Glycerin,  dulciti.-,  and  mannite  are 
changed  into  acids;  glycerin  ua  constantly  as  sugar  is 
(v.  Sonimaruga,  Z.  H.  xv,  291). 

Finally,  numerous  results  have  been  obtained  regarding 
the  tmnsformation  of  acids  of  tlie  fatty  series  (or  their 
salts)  into  other  fatty  acids. hy  bacteria.  Unfortunately, 
the  earlier  observations  were  made  without  the  employ- 
ment of  such  pure  culture*  as  satbfy  the  present  demands. 
Ugunlly  lactate,  malate,  tartrate,  citrate,  and  ^lycerate 
of  calcjum  n-ero  employed,  while  almost  always  mixtures 
of  acids  were  obtained  as  a  result  of  the  activity  of  the 
bacteria.  Among  these,  butyric,  propionic,  valerianic, 
and  acetic  acid  play  the  principal  rfile;  often  also  there 
occur  succinic  acid,  ethyl  alcohol,  anil  more  rarely  (ormlc 
acid.  Of  gases,  carbonic  acid  and  hydrogen  occur 
especially. 

Bnoh  invcsti^tiODB  were  fomierly  carrirf  out  porlioilnrly  by  Fite, 
fttid  more  recently  lliey  liave  lieen  )ii'rf(iriii«l  nu  an  eilj'usim  Hale 
witb  undoubtedly  pure  cultures  and  with  intereatinf;  n»alts  by 
P.  Pmnklnnd. 

Here  only  two  Ulnstratioiia  ore  given:  Pmileur  fonnd  that  niuierubio 
Loolerui  converted  lautnlc  of  oilctuni  into  the  Imtyrote: 
2{CH,  —  CHOH  —  COO},Ci  = 
COiCa  +  3CX>,  +  411,  +  (CH,  —  CH,  —  CH,  —  aX)}Qi 

DulrnU  uf  okiutD. 
Afmrdintetn  P.  Frnnklnnil.  thi-  Bacillus  rethBcetiuiiB  Fila  fonnsfroni 
the  (tly«'mt«>  of  fftlduni,  (CH,OK-Cll<'lI-COO),Ca,  ethyl  lUei.hol, 
acetic  acid,  corlionio  ooid,  and  hyilrufnii. 


5.  THE  PATHOGENIC  ACTION  OF  BACTERIA 

(.PATHOGENESIS,   PREDISPOSITION. 

RESISTANCE,  IMMUNITY). 

I.  How  Do  Bacteria  Act  Pathogenically  ? 
If  miiTo-orgiiiii«ni8  enter  llic    tistiUes   or    Ijhxid    of   an 
Miimal,  thcrt!  iK-curs  an  iufwlion  if,  at  the  same  limo — 

1.  The  niicro-orgaiiiBiiis  am  remain  alive  and  increase 
within  Uio  host 

2.  If  themicro-orgaiiisiiw  pniduceBubfitiUicf'S  whieli  are 
juriouB  to  iliB  host. 
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Theoretically,  the  blood  and  organs  of  healthy  animals 
contain  no  germs,  yet  we  must  accept  the  fact  that  often 
solitiiry  streptococci,  tubercle  bacilli,  etc.,  are  present  in 
the  healthy  body,  circulating  in  the  lymph-  and  blood- 
stream and  becoming  fixed  at  loci  minoris  resistentia), 
from  which  places  they  extend  further.  Perez  found,  in 
a  systematic  examination  of  healthy  bodies,  that  only  the 
lymph-glands  contain  bacteria,  but  here  the  bacterial  flora 
was  very  rich.  ^  In  dead  animals  after  sixteen  to  twenty 
hours  at  room  temperature  or  after  five  to  six  liours  in  the 
incubator,  bacteria  are  found  in  the  blood  and  organs 
(Trombetta),  having  for  the  greater  part  wandered  from 
the  intestine.  In  the  most  frecjuent  artificial  method  of 
infection,  i.  e.y  subcutaneous  injection,  the  bacteria  are 
absorbed  through  the  lymph-stream,  and  in  part  are  held 
back  in  the  lymph-glands,  weakened  in  their  virulence 
and  even  killed  ;  but  if  the  organisms  are  strongly  **  path- 
ogenic," they  resist  total  destruction,  and,  on  the  contrary, 
l^egin  to  increase  a  few  hours  after  entrance.  Regarding 
the  method  of  destruction  of  bacteria,  compare  page  97. 

Wherever  we  inspect  the  character  of  the  pathogenic 
action  of  bacteria,  they  are  found  to  operate  through  chem- 
ical sul>stances  which  they  produce  or  which  are  produced 
from  them  in  the  animal  body.  Thus  far  we  are  al)le  to 
understand  the  action  of  only  those  bacteria  which  in  cul- 
tures form  poisonous  substances,  by  means  of  which  we 
can  also  reproduce  the  characteristic  picture  of  the  disease 
more  or  less  accurately.  Bacteria  of  this  class  are  :  Bac. 
tetani  and  Corynebact.  diphtheriie,  Streptococcus  pyo- 
genes, Micrococc.  pyogenes,  Vibrio  choleric,  etc.  There 
ha,s  already  (p.  73)  been  given  a  sketch  of  what  we  know 
chemically  about  these  poisonous  substances. 

On  the  contrary,  the  means  for  an  ex])lanati()n  upon  a 
chemicjil  basis  are  almost  entirely  absent  as  yet  in  a  series 
of  important  infectious  diseases,  among  which  ar(^  for  ex- 
ample, anthrax  (Conradi,  Z.  H.    xxxr,  287)  and   swine 

'It  may  be  mentioned  here  that  often  a  consulerable  number  of  mi- 
cro-organisms are  also  rapidly  secreted  tlirou^b  the  bile  and  urine  with- 
out any  perceptible  injury  to  the  organ  being  demonstrable  ( Biedl  and 
Kraus,  Z.  H.  xxvi,  353),  yet  many  authors  assnnic*,  in  these  cases,  at 
least  microeoopic  ruptnre  of  vessels  (Opitz,  Z.  II.  xxix,  505). 
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erysipelas.  The  filtrates  tlirough  porcelain  from  the  moet 
virulent  cultures  lire  withiiut  effect ;  cultiircB  carefully  de- 
vitalized by  short  heating  or  brief  action  of  cliloroftirm, 
when  injected  produce  only  tlie  general  effects  of  protein 
(fever),  and  still  in  tlieee  dieeiiseB  poisoning  by  the  meta- 
holic  ])roducts  of  bacteria  k  certainly  present. 

It  is  to  be  noted  as  an  interesting  finding  that  Petri  and 
Maassen  (A.  G.  A.  viii,  31S>  could  demonstrate  sulphurel- 
hemoglobin  lines  in  the  fresh  blood  and  edematous  iluid 
of  piga  sick  with  swine  erysipelas, — an  indication  that 
at  least  sulphuretted  hydnigen  poisoning  in  concerned  in 
the  de:ith  of  the  animal.  Al»o  in  ninlignant  edema  a  similar 
demonstration  is  successful.  Hoffa  has  tried  to  conceive 
of  rabbit  septicemia  as  jwisoning  by  niethylguaiiidin  (Lan- 
genbeck's  Archiv,  1889,  p.  273).  Emmerich  and  Tsuboi 
(Munch,  med.  Wochenschr.,  1893,  No.  25,  473)— but  cer- 
tainly without  receiving  any  support — attempt  to  explain 
cholera  as  poisoning  liy  nitrite. 

Certainly  these  exj)Ianations  pftssess  great  interest,  but 
often  they  do  not  snlRco.  for  at  least  there  occur,  Iwsides 
the  just  mentioned  ]x>i8oning  processes,  also  specific 
changes  in  the  blooil  and  tissues  of  animals,  which  aro 
proved,  among  other  things,  by  the  generation  of  specific 
protective  substances  ("anti-bodies"). 


II.  Variation  in  the  Virulence  of  Bacteria. 

The  virulence  of  bacteriiL  is  ju^t  as  variable  as  are  all 
the  otbtT  functions  (cliroTTir>grncsiB,  fermenUition,  etc.). 
It  is  best  preserved  by  continual  inoculation  of  the  bacte- 
ria from  one  susceptiole  animal  to  another.  It  may  also 
be  accomplished  in  many  viirietiea  by  rather  frequent 
transfer  (about  monthly)  from  one  artificial  nutrient  me- 
dium to  another,  but  it  is  hrst  to  pass  the  bacteria  through 
an  animal  from  time  to  time.  On  the  contrary,  the  viru- 
lent usually  suffers  if,  willi  infreiiuent  tnmsfer,  the  cul- 
ture remains  long  in  contact  with  its  accumulated  meta- 
bolic products. 

Reduction  of  virulence  is  not  difTieult  to  bringabout: 
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pevenil  lioiua,  and  »t  50°  to  53°  in  «  (i"«  luiiiiitra.  By  a  proper  wgn- 
Intion  of  the  reduction  tlirougli  Iht-  uction  ot  heat  the  anthrax  bacillus 
OBD  \k  allenuatol  to  mch  a  degree  tliat  it  will  kill  ouly  mk'f ,  or  mice 
wid  giiineB-pigs,  or,  bcsidra  tliese,  alwi  ntbhits.  Ala)  11710m  |B,riiip- 
tomatic  anthrax )  may  1)«  atteDimted  by  meniu  ot  dry  heat  or  short 
oareriil  sleAin  disinfection  (Kitt). 

(b)  By  gniwth  upon  iiDfnvorahle  natrient  media.  An  addition  ot 
phenol  (fid)  iuidoIbichnitnal«ofimtAmiiiin(l).[>4%  to  0.02%)U>lltlt^i- 
ent  media  is  employed  to  atteanale  the  anthrax  bacillus,  and  iudin 
trirhlorid  the  diphlheria  bnoillns.  GrowtJi  on  media  oontaiDiogsuni&r 
aJwaya,  in  tinie,  lowers  the  vinilenoe  ( l^vy ). 

{r)  By  the  action  of  sunlight,  comprtSBed  oiygen,  etc. 

(1/)  By  repeated  pnaBBftethrongh  nnanitAble  animals.  Swine  erj'Hip- 
eloM  beooniex  innch  leaa  vimlent  atler  repeate<I  pai«<age  lltrnn;;!!  rohbiiA, 
the  variola  ot^pmiem  (idthongb  not  &  bivterium )  att^r  pa»iing  through 
the  cow. 

It  is  much  more  difficult  to  rcstori'  a.  heightened  viru- 
lence to  attenuated  bacteria-  In  goueral  it  is  true  that 
the  niort'  raiiiilly  thi-  attrnuntion  is  Rccompliehed,  the 
nn>r«  rapidly  will  the  virulence  be  spontaneously  restored. 

Varieties  wliich  luive  gradually  fepontaneously,  i.  e., 
from  till!  iiclion  nf  thi-ir  metabolic  products)  suffered  losB 
in  viruluncc  may  have  their  virulence  again  iiicreased 
in  must  cases,  but  not  always,  in  one  of  the  following 
ways : 

1.  (Ironing  in  bonillon  la  which  has  been  ndded  ascitic  fluid 
(ntreptiMvicci.  diphtheria  iKioilli).  [Compare  von  Dangeren,  C.  B.  xi;c, 
137,  and  spMial  part, ) 

2.  By  SnO.  inocnlating  especially  stisoeptible  ontniale, — 1.  e.,  very 
yonn^  animals  of  thesosceptible  variety, — and  if  these  suocninb.  trans- 
ferrinK  the  causative  agent  directly  with  the  blood  ot  this  animal  to 
Ml  older,  more  resisting  exam]ile  of  the  snaceptitile  species,  and  later  to 
still  more  reeistinf;  species  ot  animals.  Each  passoK^  thronfth  the  ani- 
tnal  Btrenfcthons  the  vimlence,  until  a  oertain  nuiximuni  is  reached. 
CompM*  also  Knorr's  experience  wibh  the  Streptococcus  pyogenes. 

3.  By  firrt  intectiiig  fnisceptible  animals  with  large  qtiantities  of 
(tesh  hnnitlon  cnlturesof  the  variety  concemt'd,  the  simnltaneously 
introdwed  metabolic  products  cooperate  to  heighten  tlie  disposition 
a(  tJie  animal  for  the  injected  organiraM. 

4.  Tofcether  with  the  bnoteria  (eapecialty  staphylococm  and  strep- 
tMCOOCi)  tliere  is  injeot«d  a  largeqnantily  of  the  metAbolio  prod  nets  of 
Bart,  ralgart.     The  action  is  explained  ns  under  3. 

5.  By  the  injrotion,  logetlier  with  the  weakened  bacterium,  also  of 
another  which  in  itself  is  entirely  harmless:  for  example,  with  the  Ha- 
dllns  cpdematis  malifcni  or  Bncillus  anthmcu,  the  Bnct,  prodiginsnm, 

6.  The  injection  of  the  culture  mixed  with  an  injarions  subntnnce 
not  ot  liocterial   origin;  for  example,    lactic  acid.      With   the   Bac, 

' '  I  tnaligni  increonetl  pnthogi^nic  properties  have  thus  he«ti  vAv 


icriyiriK:^  uf  ualteuia. 


III.  Predisposition  and  Congenital  Immunity' 
(Resistance). 


■iiniB  epecioeand  single  iiKlivitl- 
diHeiLses  from  birth  is  slrikiiig 


The  susceptibility  of  v 

uals  to  variciiiB  iiifrrlioua 
iind  not  easily  cxplaiiiwi. 

Ill  tlie  first  pluoe,  cortuinapctjicsof  ftnimalsareiidturally 
absolutely  immune'  tn  certain  infectious  iigcntii ;  (or 
example,  man  to  murrain,  caltlc  to  glamlers,  all  experi- 
mental animals  to  syphilis,  malaria,  and  goiiiirrhoA. 

Other  ctiBeases  occur  at  least  only  rarely  and  with  diffi- 
cnlty  in  certain  varietius  of  animals;  for  example, 
antlirax  in  certain  races  of  pigeons,  rats,  and  sht-ep. 
Here  tliere  exists  a  relative  immunity.  Relative  tuimu- 
nity  is  usually  proimrtionnte  to  the  strength  and  maturity 
nf  the  aniinnL  All  kinds  of  injury  (hunj;pr,  colil,  isvit- 
exortion,  incorporation  of  certain  poisons)  h?sscii  the  im- 
munity,— considerahly  incrensu  tha  disposition, — m>  thnt 
a  lai>;e  number  of  animals,  weakened  in  this  way,  sucimmh 
to  a  subsequent  infection. 

It  is,  therefore,  necessary,  with  every  newly  isolated 
variety  of  hacteriuni  of  which  one  desires  to  a.-^ccrtain  tlie 
pathogenic  action,  to  include  in  the  test  lln'  most  varied 
animals,  if  tlir  lirst  ehoaen  animal  givi'H  :i  iir^'alivcrcwult. 
Diir  ]iriii<;i|.:il  ('\|icrimental  animals  nn' :  \\'liiti.-  hnuse 
mice,  wJiitr  r:ilw.  ^iiinea-|>igH,  rabbits,  flii<'li.'ii--,  j.ip-ons, 
mid,  for  special  purposes,  monkeys.  Mure  nirely  we  em- 
ploy gray  house  mice,  rata,  field  mice,  gophers,  dogs,  cats, 
ooirs,  shii'p,  pigs,  and  linrses.  The  imet  di«irab]e  ex- 
pfrimeiital  animal  is  the  giiinea-|)ifi,  but  it  re(|uire8  good 
<"irc.  Il  is  i-irnmmended  by  its  cornenieiil  size,  docility, 
and  liniili'd  ei)nsuin|)tion  of  tooi.l.  Animal  diseases  are 
usually  mueh  easier  tn  investigate  and  explain  absolutely 
than  mniiiut    diseimea,    Imh^iusc    the   Bnsee|itilile  expen- 

'  It  in  PHpwiuliy  nutewnrthy  thot  very  nliwcly  rclab-d  vftrietiw  often 
onailiiot  rliiiiiiwlvtn  vi^ry  ilifIi'rF<ntly  in  tliiR  rrjftml  ;  on,  for  exMnpIe, 
the  gtamlpm  liturilliiK  luMil.v  iiirMiU  lii^lil  iiiki-.  Iiut  nut  hoiii*^  tx\Wi>  ; 
Ulhnu  bacillus  kilU  hnuw  mUi-  hIMi  nlmcmt  ulMolub^<vrUiiitt>-,  but 
to  tMl  pitliogetiio  for  Lliu  iHt,  oto.. 


CAUSE  OF  COAGEXIJAL  IMMlhSITY.  97 

mental  animal  is  alwavB  nt  comniand.  In  difficult  cases 
expcrimeiils  in  infection  bave  alrto  many  times  been  carried 
out  on  man. 

The   cnuses   of   congenital    immunity    (resistance, 

Buchner)  lie  iii  protective  arrangements  of  tlie  organism, 
regarding  which  I  cannot  here  apeak  exliaustivily.     Only 
BO  much  is  given  as  is  fairly  in  accord  with  all  the  facte, 
Lcorreeimnding  to  the  views  formulated  by  Bucliner  as  a 
xjmpromisu  to  the  various  opposed  opinions.     Upon  in- 
rai^ioti  of  a  resisting  organism  by  patliogenic  genus,  a  part 
is  destroyed  by  pre-existing  protective  substances  (alexins) 
irhich  are  in  solution  in  the  serum  (originating  from  Icu- 
Jtocytes) ;  another  part  is  destroyed  by  alexins,  which  are 
^produced  from  leuKocytes  (also  from  other  tissues  even- 
tually) under  the  influence  of  the  bacteria. ' 

In  the  body  Uie  leukocytes  appear  to  bo  able  to  live 
while  supplying  these  secretions;  in  the  test-tube  certainly 
it  is  only  possible  to  obtain  bactericidal  substances  from 
leukocytes  with  certainty  through  injury  (freezing,  distilU'd 
water,  foreign  eerum,  toxins)  (Schatlenfnjh,  A.  H.  xxxv, 
136).  The  serum  acts  more  strongly  uixin  pathogenic  than 
upon  non-pathogenic  varieties  (Leclef)j  ^o  spores  may 
be  destroyed. 

Part  of  the  organisniB  destroyed  by  the  alexins  are  sup- 
plementarily  taken  up  by  leukocytes,  but,  moreover,  it  is 
undoubtedly  true  that  at  least  some  organisms  are,  while 
lining,  devoured  by  leukocytes.  Metschnikoft  and  his 
pupils,  moreover,  insist  (without,  in  recent  times,  contest- 
ing the  signiGcance  of  the  alexins)  that  the  latter  phe- 
nomenon (phagocytosis)  is  of  the  highest  import  in  im- 
munity. Denys  (C.  B.  xxrv,  685)  has  directly  shown 
Umt  pathogenic  streptococci  are  scarcely  at  all,  while,  on 
the  contrary,  n  on -pathogenic  ones  are  very  rapidly  de- 
voured by  leukocytes ;  the  absence  of  phagocytosis  here 
only  concerns  the  pathogenic  streptococci. 

So  far  the  alexins  have  not  been  isolated;  they  are  very 

'  Rvoeotly,  however,  Sawtchenko  and  Sohatteafroh  have  oommn- 
Dicatod  jnveatigatiomi,  from  which  it  follows  that,  at  least  in  some 
!«.  the  poly-  aod  mono-naolear  leukocyt^^  uon^in  no  alexin,  in 
le  rd  Btrong  bactericidal  notion  of  the  senuii  (Schutteufroli,  Milnoh. 
1,  Wochenschr.,  1U98,  No.  13,  353). 


ACTIVITIES  OF  BACTERIA. 

unstable,  and  are  rendured  inactive  by  a  temperature  of 
65°  or  by  the  action  of  sunlight. 

Recently  Btatements  regarding  heat-resisting  sub- 
stances which  are  injurious  to  bacteria,  and  wliich  differ 
from  alexins,  have  multiplied  (Liiwit.  Bail).  Theee  ap- 
pear to  belong  to  the  nuclein  compounds, '  and  are  particu- 
larly produced  from  lymph -glands, 

BeoideB  the  bactericidal  alexins,  frequently  agglutinin 
and  antitoxic  substances  (for  example,  against  diphtheria) 
are  demonstrable  in  healthy  individuals  as  congenital. 

An  Increase  of  the  congenitai  resistance  Ui  i-ariou8 
infectious  diseases  has  been  sought  and  obtained  in  many 
ways.  Favorable  effects  sometimes  against  one,  som^ 
times  against  several  infectious  diseases  have  been  obtained 
by  a  number  of  investigators  by  injecting  animals  with 
thymus  extract,  spermin,  abrin  (poisonous  albuminous 
bodies  from  the  paternoster  pea),  iiapain  (albumin-dis- 
solving fennt-nt  from  papaw-tree);  also  cinnamic  acid,  tii- 
chloria  of  iodin,  carbonate  of  sodium,'  etc. 

Recently  there  has  been  discovered  a  protective  action 
against  tetimus  and  botulism  through  injections  of  brain 
substance  ( Wassermann  and  Takaki,  Kempner),  and  agaitwt' 
typhoid  through  injection  of  spleen  substance  (Aujeszky), 

rv.  Acquired  Specific  Immunity  and  Its  Causes. 

Thfrf  is  a  sharp  contrast  to  tin;*  heightened  resistance, 
according  to  most  aollioi's,  and  the  specific  immunity 
against  a  definite  disease,  wliich  originates  when  an 
attai-k  iif  lilt'  disease  is  acquired  and  recovered  from 
siii'Mtanftiut^ly  or  when  it  follows  purposeful  injectiOQ 
(active  immunity): 

'H.  Koawlhna  shown  that  lea  than  a  0.5^  aolutioD  of  slbmuui  pes-   | 
oipitatinic  nuoleinio  acid  (obtained  from  onlvi-s'  leukwytcB)  hiu  slnnig 
bMitc?rioiilal  Bctuin.     Y«t  the  nucleiniu  acid  could  xcorwly  expUin  Um  1 
alexin  action.     Previously  (1893)  VauicliaD  and  MttcCiintook  rcoog-  ^ 
nizcd  nuolein  ai  dcetroctive  to  germs. 

■Accordint!   to   Fodnr,  on   increnae  in  the  alk&linity  at  the  blood 
Is  MDDnmpkiiJed   hj  aa   incnraiied   reaiHtstio«  to  nuiny  bacteria,  bn^ 
■ODonling  to  Fodor  and  Ki{i;ler,  also  every  iiitrndnctinn  of  luxiu  Is  fi^  J 
lowed  by  a  decrease,  and  every  introiliiutiiia  at  Butituxin  by  w 

Me,  in  alkaUiiily  (C,  B.  xxi,  134). 
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POISON  RESISTANCE. 

1.  With  naturally  or  artificially  attenuated  infw tious 
agents  of  similar  kind  ;  or 

2.  With  devitalized  oultures  of  the  micro-organisms 
conceroed. 

So  far  we  know  of  two  entirely  diSerent  causes  for  this 
immunity. 

A. — Poison  Resistance  (Specific  Poison  Immunity). 

After  recovery  from  a  sorius  of  infi'ctious  iliseases  (ilijili- 
theria,  t«tanua,  botulism)  which  have  this  in  common, 
that  during  their  course  very  active  poisons  are  produced 
by  the  bacteria,  there  are  found  in  the  blood,  and  espe- 
cially in  the  serum,  characteristic  substances  which  arc 
actively  antagonistic  to  the  poisons  fantitoxina).  The 
antitoxic  serum  protects  as  well  it  it  is  used  before  the 
introduction  of  the  poisonous  culture  (it  immunizes 
passively)  as  if  it  is  injected  at  the  time  of,  or  subsetjuent 
to,  the  infection  (it  heals).  It  operates  as  well  against 
the  introduction  of  the  toxins  uf  the  concerned  bacteria  as 
(in  lai^er  doses)  against  the  introduction  of  living  cul- 
tures. 

As  yet  little  is  known  regarding  antitoxins,  but  they 
are  more  resistant  than  the  alexins  to  injurious  inllu- 
ences.  Thus  the  tetanus  imtitoxin  bears  very  well 
without  being  destroyed  :  a  temperature  of  60°,  also  70° 
to  80*  tor  a  shorter  time,  the  action  of  sunhght  (yellow 
better  than  blue  rays),  and  putrefaction.  Bricger  and 
Ehrlich  have  obtained  diphtheria  antitoxin  from  the  milk 
of  goats,  immune  to  diphtheria,  in  solid  form,— whether 
it  is  an  albuminous  body  or  adheres  to  albuminous 
bodies,  is  still  unknown.  The  antitoxins  are  best  separated 
by  means  of  zinc  chlorid,  but  so  far  can  not  bo  freed 
from  the  final  traces  of  zinc  (Brieger  and  Boer,  Z.  H. 
XXI,  266). 

Rc^rding  the  action  of  antitoxins  and  toxins  upon  each 
Other  the  following  is  now  known.  As  Behring  arid  Kita- 
sato  supposed,  a  toxin  solution  in  a  test-tube  with  a  suffi- 
cient quantity  of  antitoxin  added  is  completely  inactive, 
Itecause  toxin  and  aittiloxin  mutually  neutralize  each 
other  (somewhat  a&  base  and  acid).     Buchner  explained 
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tliifl  nraUalizitioD  as  only  apparent^  and  maintuned  tbat 
both  anlitoxin  and  toxin  OMitinDe  together,  but  niiitually 
bide  each  other  because  thvr  infiueoce  the  same  animid 
(wgaatem  in  c^posite  wars,  soiuevbat  like  atropin  and 
,  nidscarin.  Now  Bucbner  (IConch.  m«d.  Woch^nschr. , 
1^9,  523),  espeetallj'  dooe  the  work  of  Knorr  (Z.  H.  xui, 
407),  has  acc^tted  eswntiallj'  the  vieirs  of  Betuing.  The 
principal  proofs  for  these  views  are  :  (1)  Dilute  Bolutions 
of  toxin  and  antitoxin  neutralize  each  other  more  slonly 
than  concentrated  ones  (in  higher  dilutions  many  cheuii- 
cal  reactions  occur  slowly).  (2)  Equalized  toxin  and 
antitoxin  niixtares  after  healing  or  long  storage  remain 
non-toxic,  while  toxin  is  much  niore  resistant  than  anti- 
toxin. (3)  Animals  into  which  are  iiije«l«d  subcutane- 
ously  corresponding  mixtures  of  toxin  and  antitoxin,  after 
two  hours  ehow  no  antitoxin  in  the  blood,  although  the 
t'>xin  is  much  more  rapidly  absorbed.  Finally,  it  is  very 
noticeable  that  licin  (poisonoua  albuminous  body  from 
rifdnus  secla)  and  antiricin  act  also  antacmiisticBlIy 
upon  dead  Imdies  in  vitro  (diluted  blood)  as  if  they  neo- 
tmlized  each  other ;  the  antiricin  increases  the  coagulating 
action  of  ricin  (Ehrlich,  Fort.  derMed..  1897,  41).  Simi- 
larly rattlesnake  poison  (cobra  toxin)  in  vitro  dissolves 
red  corpuscles,  while  cobra  antitoxin  hinders  this  action. 
Stephens-Meyers  fl/jndon  I.«neet,  Mar.  5.  1898,  644). 

As  to  opposing  eUilcmente  :  Take  an  animal  that  is  pro- 
tected iigainirt  a  mixture  of  toxin  and  antitoxin,  but  not 
also  pnit«<ct<Hl  aj^aiiist  two,  four,  six.  ort«n  times  the  quan- 
""  y  of  tho  mixture  (Homstein  and  others).     Cobbett  and 

inthack  assert  as  their  positive  opinion,  at  least  in  the 

t  of  diphtheria,  that,  if  the  toxin  has  been  completely 
'  ralixod,  even  ton  times  the  quantity  of  the  mixture 
\  be  tolerated  (C.  B.  xxiv,  129),  but,  naturally,  if 
'  *Kture  contains  a  slight  excess  of  toxin,  ten  times 

ntity  would  Ite  injurious. 
Sfcrcnci-  imisl  be  made  to  the  ijicompletely  understood 

t  that  to  a  ni'Utraliniig  mixture  of  toxin  and  antitoxin 
■  v«cy  \»Tpi  quantity  of  toxin  must  lie  added  before  slight 
pxic  action  rcHulIii  from  its  injection,  but  that  also  very 
wx^  (iuantilit>s  nf  luitilnxtu  are  required  to  again  over- 
nue  will  weak  toxic  action. 


tlial,  the  "  toxin-binding  group  "  of  the  toxin -susceptible  M 
albumin  nmlecuk'. 

The  recent  uxperiencefl  ot  Wasaeniiann,  Behring,  BIu- 
meiithal,  MctBchnikoS  ami  Maria,  aiid  especially  of  Knorr 
(Miinch.  mod.  Wochenschr. ,  IS9S,  Nos.  11  and  12),  accord 
very  well  with  tliia  explanation.    Thus,  what  occure  in  tha  J 
cuBC  of  totanus  uiuy  be  presented  somewhat  as  follows  : 

If  one  introduccB  tetanus  poison  into  an  animal  suscept- 
ible to  tetanus  (guinea-pig),  after  a  time  the  poison  disap-  ' 
pears  froiu  the  bhKxl  and  liecomes  inaolubly  fixed  by  the 
chemical  constituents  of  the  ganglia  of  the  spinal  cord, 
and  is  therefore  no  more  obtainable  from  the  spinal  cord. 
The  binding  of  the  poison  by  the  spinal  cord  leaves  it  dis- 
eased ;  the  poison -binding  cells  become  functionally  inca- 
pacitated. Wassermann  could  directly  demonstrate  that 
the  spinal  cord  (and  brain)  can  bind  tetanus  poison,  since 
he  showed  that  mixtures  of  tetanus  toxin  and  emulsion 
of  spinal  cord  are  non-toxic.  It  is  further  interesting  that 
the  cord  of  animals  susceptible  to  t«tanua  alone  possesses 
this  property,  the  cord  of  hens,  which  are  immune  to  teta- 
nus, not  at  all.  The  side  chains  are  absent  here,  and  tha 
hen  is  insascejitible  to  tetanus  for  the  same  reason  that  its 
cord  is  without  effect  upon  the  toxins.  On  the  contrary,  the 
cords  of  animals  dying  from  tetanus  contain  sufficient  anti- 
toxin to  protect  other  animals  from  the  disease.  This  is  no 
objection,  if  the  first  animal  died  when  a  certain  part  of 
its  spinal  cells  were  poisoned  through  the  tmion  with  toxin 
and  long  before  all  the  poison-binding  affinities  of  its 
Bpinal  cord  were  satisfied. 

Knorr  has  shown  the  identity  of  the  antitoxin  and  the 
poison-fixing  suljstance  of  the  spinal  cord  by  demonstrat- 
ing that  l>oth  possess  the  same  susceptibility  to  injurious 
influences. 

Where,  by  careful  repcjited  poisoning  of  an  animal  until 
tiie  surplus  supply  of  antitoxin  is  diasolv'iOL  iu  ^,Vi%  ftfetxHSi^ 
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the  phenomena  may  be  represented,  according  to  Ehrlich, 
Bomewhat  as  follows:  If,  with  the  liret  cautious  intro- 
duction of  a  small  amount  of  tetanus  poison  only  a  small 
part  of  the  toxophoric  side  chains  is  fixed,  then  only  & 
lew  cells  are  injured,  or  many  cells  are  so  slightly  injure*! 
that  no  disease  symptoms  occur.  The  side  chains  united 
with  toxin  are  thi^own  off  and  replaced  by  the  cells.  This 
repair  is  always  accomplished  more  rapidly,  the  more  fre- 
quently and  extensively  the  side  chains  are  torn  off  by  the 
toxins.  Finally,  the  cells  produce  more  aide  chains  than 
can  remain  connected  with  them,  and  they  are  discharged 
into  the  blood  as  antitoxin.  Knorr  finds  this  explanation 
of  the  facts  unsatisfactory,  and  claims  that,  while  in  one 
part  of  the  diseased  nrganiam  the  antitoxin  groups  are 
fixed  by  toxin,  the  unpoisoned  cells  containiug  antitoxin 
are  stimulated  to  a  larger  production  of  this  substance. 

From  this  essential  independence  of  antitoxin  from  the 
chemical  composition  of  the  toxin  one  can  understand  that 
&  specificity  of  antitoxin  does  not  strictly  exist.  For  ex- 
ample, tetanus  and  rabies  nntitoxin  also  protect  against 
cobra  poison  (Calmette,  A.  P.  ix,  p.  225),  and,  according 
to  Tizznni,  sterile  non-toxic  cultures  of  pneumocotKUs  in 
rabbits'  blooil  protect  against  tetanus  poison  (C.  B.  xxrv, 
904). 
The  value  of  antitoxic  sera  is  expressed  as  follows: 
1.  AjUr  Behriny.  Ha  designates  as  a  normal  poison  a 
toxin  solution  of  which  0.01  c.c.  is  sufficient  to  kill  a 
guinea-pig  weighing  250  gm.  within  fonrdnys.  The  toxin 
is  always  injected  in  4  c.c.  of  water  just  beneath  the  skin. 
01  this" normal  diplilberiat^ixin  (DTN)  1  c.c.  is  sufficient 
tA  kill  one  hundred  fiiiinea-piKS,  each  weighing  250  gm., 
or  25,000  gm.  in  weight  of  guinea-pigs.  Behring  ex- 
preeoea  this  as  follows: 
Th«  DTN  has  a  working  value  of  25,000;  it  kills  25,000 
I  tlmeB  its  weight  of  gnineJi-pigs.  A  toxin  ten  times  aa, 
■tpong  is  ropri-seiiteil  aa  DTN '" ;  a  ten  times  weaker  one,  as 
DTN 

10  . 
Thd  quantity  of  antitoxin   that  is  required  to  jnst  pro-  I 

«t  25,000  gm,  weight  of  puinca-pigs  from  the  minimal  I 
^  doee  of  poison  is  called  one  immuuizing  unit. 
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If  an  inimuiic  8<>rum  contains  in  1  c.c.  one  immunizing 
iiniHIEj, — i.  c.,neiitraUEesl  c.c.  !)TN, — llienitrepresenU 
a  normal  antitoxin  (DANj. 

To  determine  the  strfnglli  of  an  immune  serum,  1  c.c. 
of  normal  toxin  is  mixed  with  increasing  quantities  of  the 
HL-rum  ;  the  quantity  of  the  serum  which  sufRces  to  neu- 
tnilize  it — for  example,  0.1  c.c. — contains  one  immunizing 
unit,  or  the  serum  contains  10  IE  to  the  c.c,  and  is  then 
ten  times  DAN,  and  is  represented  thus.  DAN'". 

To  cure  a  sick  man,  usually  (500  to  1800  IE  are  em- 
ploywl,  which  are  contoined  in  2,  4,  or  6  c.c;  then  it  is  a 
DAN'*«  that  is  usi-d. 

R«^cently  a  dried  DA  has  bi-cn  produced,  of  which  1  gni. 
contains  as  much  as  5000  IE;  of  this  about  0.125  gm. 
sufticef!  for  a  single  healing  di»t>. 

2.  Afttr  Ekrlieh.  Ehrlich  has  recently  introduced  in 
the  institute  for  testing  serum,  as  a  standanl  for  deter- 
mining values,  a  very  durable  dry  antitoxin,  which  i^on- 
tains  1700  IE  in  1  gm.  A  test-toxin  is  prepared  corre- 
sponding to  this  antit^jxin.  and  with  this  toxin  the  strength 
of  Uie  unknown  serum  is  titrated.  For  the  crude  eatima- 
^tion  of  the  working  value  of  a  serum,  a  toxin  can  he  pre- 
lared  corresponding  to  a  liigher   serum   of  guaranteed 

rer^h  of  IE.  and  the  unkjif)wn  serum  be  titratal  with 
jhis  toxin.  B*'rause  of  the  numerous  cautions  to  be  oh- 
ierved,  servioeiible  results  can  be  obtained  only  by  experts. 
"Compare  Ehrlich,  Klin.  Jahrbuch,  Bd  vi. 

.  Bacteria  Resistance  ( Specific  Bacterial  Immunity). 

Wbib'  llii'  iiiitit'ixius  anliignuizo  the  tuxiiis  of  the  bacli-- 
1  active  munniT.  ibpy  nre  ublc,  a^cnrding  to  ohlrr 
nervations  not  at  all,  iicciiniinL'  to  more  recent  observa- 
ms'  only  to  a  slight  I'Xtent,  tukill  b:icleria — i.  e.,  loactai^ 
bictericidea.  On  the  contrary,  in  a  second  group  of  tnfec- 
iUous  diseases  (typli"id,  cholera,  awine  erysipelas)  tlie 
nmmunity  depends  upon  the  bactericidal  action  of  the 

'AiXHjdliTiK  til  vnnde  Veldp  (C.  B.  XXII,  527),  stroiiganticiipbtln'- 
III  nlsupii>««i*<esii>nHJili>nilili<  tHMU-Ticiilal  action ;  aim i lor  it oti hie 
(Iiresnit*<l  ulwi  liy  viiri()QK  ntUvT  ininiune  sfra;  tor  pxnmple, 
intipjiK-j'uni-ii*  >«ruiii.     CoiniiurH  nliui  Kiiii[iiTi(!!i  aixA  Liiw,  9.  lUI. 
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sera.  If  an  animal  has  rtxiovered  from  an  infection  with  one 
of  these  diseases,  or  has  received  in  a  proper  manner  the 
dttvitalized  cause  of  the  disease,  then  its  hody,  especially 
its  blood,  contains  materials  which  even  in  high  dilutions 
possess  intense  and  even  specific  destructive  action  upon 
the  micro-organisms  concerned.  Also  in  man  suffering 
from  the  infectious  diseases  such  bactericidal  bodies  de- 
velop in  the  blood;  indeed,  they  are  often  present  from  the 
eighth  to  the  fourteenth  day  of  the  disease,  and  may  i>er- 
piat  after  recovery  for  weeks,  niontlis,  or  even  years.  An 
artive  immunity  of  this  kind  has  been  Bucceesfully  pro- 
duced in  man  against  cholera  and  pest.  In  these  diseases 
a  jiositive  immunity  is  conferred  by  the  injection  of  devi- 
talized culture  masses  (Ferran  and  Hofkine). 

The  bactericidal  serum  from  animals  actively  immun- 
ized to  a  high  degree  has  been  employed  with  good  results 
to  produce  passive  immunity  in  other  organisms  in  various 
diseases  (for  example,  swine  erysipelas  by  Emmerich), 
Usually  there  is  injected,  besides  the  serum,  also  the  normal 
or  attenuated  specific  agent.' 

To  obtJiin  serum  one  proceeds  as  follows: 
1.  CoUectixm  of  human  serum.  The  finger  is  carefully 
cleansed  with  soap  and  water,  alcohol  and  ether,  and  a 
small  puncture  is  made  with  a  strong  needle  on  the  front 
and  to  the  side  at  the  end  of  the  finger,  so  that  throe  or 
four  large  drops  of  blooil  are  obtained.  The  blood  is  col- 
lected in  a  U-sliaped  cai)illary  tube,  and  the  ends  closed 
with  wax  or  sealing-wax.  As  soim  us  possible  the  sample 
is  centrifugftted  in  a  high-speed  hand  centrifuge,  the  wax 
y  being  jireviously  removed  and  the  open  ends  of  the  tube 
[  being  turneti  tjiward  the  center.  The  centrifugation  is 
[  contmuL'd  for  ten  minutes.  After  it  is  completed  each 
limb  of  tho  tulie  contains  about  1  to  1.5  cm.  of  clear  serum. 
A  piece  1  cm.  long  is  now  measured  off  in  each  branch  and, 
■Jlor  marking  it  lightly  with  a  file  scratch,  the  tube  is 


i 


>  In  mouth  aiiil  luot  iliwaae,  for  example,  liuffler,  tur  (he  porpoec  of 

^.oinohig  immutiity,  injects  a  mutore  ot  fleniiii  Iroiii  the  recovered 

I  iMtlual  UwethfT  with  the  viniltnt  oontenls  o(  the  vesk'le  of  the  siok 

I  itatnu].     Kollr,  in  ininiDiiiEinfc  ti|s>>ii.'<t  mnrnuR,  emplojni  the  rimnl- 

Min  injration  liii  two  ililTerent  placra)  of  scniin  from  a 

r,  MhI  virulent  blood  from  the  diaeBsod  animal. 
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broken  ofF;  thus  two  pieces  1  cm.  long  and  filled  with 
clear  serum  are  obtained. 

2.  CoUtcHon  ofgerumfrovi  anivuik.  A  rabbit  is  injecteil 
I  with  cultures  of  typhoid  or  cholera,  devitalized  by  heat, 
I  following  the  detailed  directiona  given  in  connection  with 
typhoid  and  cholera.  After  about  ten  days  the  animal  is 
bled  from  the  carotid  and  the  serum  separated  by  standing 
ill  a  tall  cylinder  in  a  cool  place  or  by  centrifugation. 
The  measurement  of  the  serum  and  the  diluting  fluid  is 
carried  out  by  means  of  uniformly  wide  capillary  tubes, 
■  which  are  marked  off  with  ink-lines  in  lengths  of  a  centi- 
meter each.  The  relative  and  nut  the  absolute  quantities 
of  the  materials  are  thus  known.  In  the  following,  when 
I  speak  of  1  cm.  of  serum,  I  mean  that  cuntaincd  in  a 
piece  of  a  capillary  tube  1  cm.  long. 

Tlie  bacteria  are  always  employed  as  a  Ruspension  in  0, 5 
c.c,  of  bouillon,  one  loopful '  (2  mg. )  of  a  twenty-four 
hours'  agar  culture  (37°)  being  used  in  its  preparation. 

The  serum  is  also  diluted  with  bouillon. 

For  demonstrating  the  injurious  action  upon  bacteria, 
we  have  two  methods  :  The  demonstration  of  the  spccitic 
agglutinating  material  according  to  Gvuber  and  Durham, 
and  the  specific  bactericidal  material  according  to  R.  Pfeif- 
fer. 

1 .  Demoruilralion  of  agglutinin,  *  afier  Gniber  and  Durhnm 
(Munch,  med.  Wochenschr. ,  1896,  206  and  285).  If  it 
is  desired  to  make  a  inacroBcopk  demonstration  ( little  used ), 
0.5  c.c  of  the  suspension  of  the  bacteria  isadded  to  0.5  c.c. 
of  serum  diluted  fifty  times,  and  it  is  noted  in  a  very  nar- 
row test-tube  whether  there  occurs  a  visible  clumping  of  the 
bacteria  with  clearing  up  ot  the  fluid.  If  after  ten  to  fifteen 
minutes,  or  at  most  one  hour,  no  reaction  occurs  in  the  in- 
cubator, the  scrum  in  a  dilution  of  1 :  50  is  not  active  upon 
the  variety  of  bacteria  tested,  and  we  may  repeat  the  test 
with  stronger  concentrations.     On  the  contrary,  the  ex- 


It  oae  emploTS  more  bacl«ria,  the  action  of  the  serom  ifl  weftker. 
"■*~  to  obtain  cultorcs  that  are  reiidily  brokfii  iip,  the  (iiiltiire  is 
_  upon  agar  that  has  been  somewhat  driei]  by  tieiiig  previously 
Ibe  incabstor  tor  twenty-four  boors. 
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periment  is  repeated  with  more  dilute  seruii)  if  it  resultl^ 
pfsitively  in  tlie  first  instance. 

More  accurate  than  the  macroscopic  is  the  microscopio 
method,  also  BUggestetl  by  Gruher  and  Durham.  In  the 
exaniiDatiun  of  human  blood  rarely  is  there  more  serum 
at  hand  than  is  reiiuired  for  the  microscopic  examination. 
After  the  serum  has  been  obtained  by  centrifugation  in 
two  glaes  capillaries  1  cm.  in  length  (see  above),  the  serinii 
from  one  tube  is  blown  out  into  a  cell  by  means  of  a  fine 
tube  placed  above  it,  and  then  lias  added  to  it  bouillon  from 
5  segments,  each  10  cm.  long,  of  a  tube  of  similar  size  to  that 
which  contained  the  serum.  In  a  hanging  drop,  by  means  of 
the  immersion  lens,  it  is  ob8er\'ctI  whether  agglutiniitjon 
of  introduced  bacteria  occurs.  This  follows,  if  the  reaction 
is  strong,  in  a  few  seconds;  if  the  action  is  weaker,  in 
from  ten  minutes  to  ono  hour.  It  is  observed  that  the 
organisms  suffer  a  loss  of  motion,  become  somewhat 
swollen  (rarely  seen)  and  cemented  together  in  irregular 
bunches  and  clumps.  Single  bacilli  often  remain  longer 
motile.  If  the  reaction  is  not  promptly  positive,  the 
preparation  is  kept  in  the  incubator  and  examined  after 
lialt  an  hour  and  one  hour.  Positive  result*  after  two 
hours  are  not  of  much  value.  Control  [ireparatious  with- 
out serum,  but  with  bouillon  only,  should  always  be  pre- 
pared by  the  beginner,  so  as  not  to  mistake  a  sedimenta- 
tion, etc.,  for  agglutination. ' 

If  the  action  ocount  with  a  dilution  of  -^,  then  it  is  a 
positive  reaction,  and  it  can  then  1r'  determined  whether 
tJt.  ?^.  tU.  ttW'  !in<l  oW  are  also  active,  the  necessary 
dilutions  lieing  prepared  preferably  by  further  dilutions  of 
the  first  siim]ile.     If  no  result  occurs  with  the  dilution  of 
y^,  thmi  the  ri«ervo<l  centimeter  tube  of  serum  is  diluted 
ycj  anil  if  still  no  reaction  is  obtained,  the  diagnosis  is  ab-  - 
Bolutely  negative.     In  general  it  is  customary  to  attach  do  I 
value  to  reactionswith  higher  conepntraliona'than  A  to^,  ' 
(Compare  further  under  Bact.  typhi  and  Vibrio  cholera;.)    ' 

The  reaction  is  in  a  groat  degree  specific  (see  below). 


I 


I  CnltDre*  killf^  with  (<hli>n>for)u  vapnr  nnn  likewise  ogglntinaMd; 
nsomi:  nou-iixilili?  viirirties,  ns  rftrL'plooicoiis  Ibthm-dUiIiu,  Bacterinni 
ptWtU,  lUid  Root.  l>ni-<imi>niie,  hsve  been  onsnl 
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Virulent  and  avirulent  cultures  are  alike  affected;  even  the 
expressed  bacterial  cell-juice  and,  moreover,  the  germ-free 
filtered  bouillon  culturee  are  precipitated  by  specific  im- 
mune sera  (KraUB,  Wien.  med.  Pr.,  1897,  608). 

The  paralyzed  and  clumped  orgimiems  are  not  dead,  or 
only  partially  so,  for  after  twenty-four  hours  an  active  in- 
crease of  the  organisms  is  often  observed.  Although  the 
clumps  do  not  dissolve,  and  at  most  loosen  up,  the  prepa- 
ration swarms  witli  actively  motile  fftrms.  If  one  adds 
new  bacteria  to  a  preparation  in  a  statL-  of  agglutination, 
they  are  not  affected,  the  agglutinin  having  been  consumed, 
and  with  the  addition  of  new  sertini  agglutination  again 


2. '  DenumatraMon  of  specific  haelfriddal  ^  fuulies  in 
sera  aceordinrj  to  R.  Pfciffer.  Wc  will  employ  cholera  as  an 
example.  If  one  mixes  a  8Us|ien8ion  of  one  loopful  of 
virulent  cholera  culture  in  1  c.c.  of  bouillon  with  0.01  c.c. 
to  0.03  C.C. '  of  cholera-immune  serum  and  injects  the 
mixture  into  the  peritoneal  cavity  of  a  healthy  guinea-pig,  ■ 
he  will  observe  there,  beaides  panilysis  and  swelling,  death, 
granular  degeneration,  and,  finally,  solution  of  the  intro- 
duced germs.  In  this  case  :i  virulent  culture  must  be 
selected,  since  avirulent  or^nisms,  even  without  the  addi- 
tion of  immune  serum,  die  and  are  dissolved  in  the 
peritoneal  cavity.  This  reaction  is  specific  to  a  high  de- 
I  gree  (compare  below).  To  make  the  examinations,  peri- 
I  toneal  lymph  is  obtained  with  a  capillary  pipet  through 
a  small  opening  in  the  ab<loininal  wall,  and  examined 
microscopically  every  ten  minutes  for  about  half  an  hour 
to  one  hour  to  determine  the  fate  of  the  bacteria.  After 
this  time,  if  the  reaction  is  positive,  nothing  more  is  to  be 

'  A  thiid  "sprciGc"  Nemm  reactinu  has  been  rraommendcd  )i.v 
V.  Dniu^m  (C.  It.  XXIV.  710).  A  little  of  the  serum  frum  animaU 
which  l^ve  powwd  through  chiilenand  stniihflococcaa  infeclion,  and 
anthrax,  exerU  a  marked  inhiliitory  uctinn  iipnn  the  liqaernt^tion  of 
gelatin  by  a  portion  ( 1  e.c. )  o(  n  liqiipfied  gelatin  eulture  of  the  same 
variety.  Normal  Hemm  nstraina  it  lew;  the  interferenoe  with  the 
I   fcrmenM  of  other  varieties  is  ali|;liL 

*  C.  Franlccl  hoa  pmposed  the  name  "  lysoKenic  material  "  for  that 
[   which  actn  as  a  liactericide. 

ne  draws  0.8  e.c,  in  a  <»pi1lary  tulio  and  (iividpa  Hip  flllpiJ 
I  length  of  tube  into  twenty  parts,  Uien  each  part  represents  0,01  c.c. 
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Been  of  the  vibrioueH  except  single  griinules,  and  thestf* 
are  not  always  easily  found,  and  the  peritoneal  contents'' 
have  become  viscid,  mucoid,  and  tenacious.  If  the 
suit  is  negative,  the  peritoneal  exudate  after  an  hour  con- 
tains large  nuinbera  of  actively  motile  vibriones.  It  is 
recommended  that  a  control  test  be  made  upon  a  second 
animal  with  the  game  bacteria  and  normal  serum.  Normal 
serum  at  most  causes  in  quantities  of  0.1  c.c.  and  upward 
a  very  slight  positive  reaction — i.  e.,  it  causes  a  few  vibri- 
ones to  undergo  granular  degeneration  (compare  R.  Pfeiffer 
and  Kolle,  C.  B.  xx,  129J. 

R  Pfeiffer  and  Marx  (C.  B.  xxni,  858)  have  shown 
the  places  of  origin  of  the  bactericidal  bodies  t-)  bo  the 
spleen,  and  also  the  bone-marrow  and  lympli-glands, 
which  possess  speciJic  bactericidal  action  much  earlier 
than  the  blood.  Rnth  (C.  B.  xxv,  549)  could  not  males 
the  same  demonstration  regarding  agglutinin. 

According  to  Max  Gruber  and  Bordet,  the  action  under 
1  and  2  does  not  differ  in  principle.  Their  extremely 
simple  theory,  recently  confirmed  in  the  essentia]  points 
by  Trumpp  "(A.  H.  xxxiii,  70),  is  as  follows: 

In  immune  serum  substances  are  present  which  cause 
the  bacterial  cells  (especially  their  membranes)  to 
swell,  thus,  without  killing  them,  interfering  with  their 
motion  and  causing  them  to  stick  together.'  In  tliia 
weakened  condition  of  the  bacteria,  the  alexins  of  the 
body  act  a.^  powerful  bactericides.  According  to  Gruber 
and  Trumpp,  also,  the  bactericidal  action  depends  upon 
the  combined  effects  of  the  agglutinin  and  the  alexin. 
Trumpp  proves  this  view  by  showing  that  also  in  vitro 
bacteria  whicli  are  swollen,  paralyzed,  and  clumped 
under  the  action  of  immune  serum  are  killed  by  contact 
with  the  fresh  serum  of  healthy  animals.  Also,  Land- 
steiner's  investigations  are  in  accord  with  this  (C.  B.  xxm, 
847). 

While  this  sounds  so  exceedingly  simple,  still  there  are 
a  Beries  of  observations  which  speak  in  favor  of  the  view 

'  Anoonliiig  Vn  fnltant  naA  Nioollc,  the  OKKlnti nation  ia  to  b* 
*X|d)itned  hy  a  («uii.-iitiDK  "vor  of  thp  Imntprin  hy  a  prwEpitAbi  which 
**  pnfllncnl  hv  t)ie  iw-nim.  (Coin|nn,-  Kmiis  oud  tk^iig,  WisEi.  kliSij 
Woohotaohr.,  1889,  1.)  ] 
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of  Pfeiffer  that  there  is  an  essential  difference  between  the 
agglutinating  and  the  speciiic  bactericidal  materials. 

1.  There  are  sera  which  in  definite  dilutions  no  longer 
agglutinate,  but  yet  act  as  bactericides  in  the  peritoneal 
cavity  (R.  Pfeiffer,  Deutsch.  med.  Wochenschr.,  1898,  No. 
31,  489). 

2.  Often  an  immune  serum,  from  which  all  agglutinins 
have  been  abstracted  by  long  luxuriant  growtli  of  the 
inoculated  bacteria,  which  atfter  sixteen  hours  are  no 
longer  paralyzed  (which,  therefore,  is  devoid  of  all  ag- 
glutmation),  is  still  active  in  the  peritoneal  cavity. 

The  observations  may,  however,  be  in  part  explained  by 
the  discovery  of  Emmerich  and  Low,  that  in  the  abdomi- 
nal cavity  the  action  of  immune  sera  is  very  much  in- 
creased by  the  lack  of  oxygen  (see  p.  110). 

The  action  of  agglutinin  and  specific  bactericidal  sub- 
stances is,  like  that  of  antitoxin,  in  a  great  measure  spe- 
cific. For  the  bactericidal  action  R.  Pfeiffer  has  main- 
tained absolute  specificity  ;  also  other  authors,  as  Dunbar, 
Sobemheim,  Loffler,  and  Abel,  arrived  at  results  that  speak 
very  much  in  favor  of  specificity  (compare  typhoid,  chol- 
era, etc.). 

The  dgglviination  phenomenon  has  been  studied  by  very 
many  investigators,  and  the  standpoint  taken  by  its  dis- 
coverers has  been  confirmed  as  entirely  correct.  The  action 
of  immune  sera  is  strongest  upon  the  variety  against  which 
the  immunity  has  been  produced;  less,  but  similar,  against 
related  varieties  (only  in  high  concentration) ;  and  fails  with 
varieties  that  are  not  related. 

Thus,  for  example,  a  serum  from  an  animal  which  was 
immunized  against  the  Bact.  typhi  was  active  in  a  dilution 
of  y^^  upon  Bact.  typhi,  and  upon  Bact.  coli  at  :^. 

It  is  evident  that  this  property  can  be  of  diagnostic 
value. 

1.  If  we  have  serum  from  an  animal  w^hich  is  immun- 
ized against  true  Bact.  typhi,  then  it  is  employed  to  iden- 
tify doubtful  bacteria  as  typhoid  bacteria,  if  the  serum 
dilution  of  Aj-  acts  distinctly  upon  the  bacteria  to  be  diag- 
nosticated, out  not  upon  related  bacteria  ;  for  example, 
Bact  colL 

2,  If  0Q9  has  undoubted  typhoid  bacteria,  one  can  ao- 
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certain  whether  a  man  has  had  (Gruber  and  Durham)  or 
still  has  (Vidal)  tyi)hoid  fever,  if  it  is  demonstrated  that 
the  aerum  from  a  blood  Bpecimeii  in  a  dilution  of  ^  causes 
miirkcd  agglutination  of  true  typhoid  bacilli,  while  it  is 
without  effect  Upon  closely  related  organisms  (Bact.  coli). 
(For  further  details  see  special  part.) 

In  conclusion,  we  may  say  that  the  essential  separation 
of  immunity  into  antitoxic  and  bactericidal  appears  to- 
day to  be  entirely  warranted,  but  that  in  a  series  of  cases 
it  is  established  that  not  infrequently  antitoxic  and  bac- 
tericidal immunity  are  both  present.  Brief  reference  was 
made  above  to  the  fact  that  strong  diphtheria  antitoxui 
has  also  some  btiot^ricidal  action  (van  de  Velde).  Waseer- 
mann  found  that  an  animal  protected  against  pyocyaneum 
poison  also  tolerates  the  virulent  Bact.  pyocyaneum  in 
large  doses,  and  other  sut^ilar  experiences  are  contained 
in  the  literature  (compare  under  Cholera). 


APPENDIX. 

According  to  investigations  by  Emmerich  and  Ixiw  which 
have  just  appeared  (end  of  May,  1899)  (Z.  H.  xxxi,  1), 
the  whole  do<rtriue  of  the  bactericidal  action  of  the  body 
fluids  and  the  imnmnity  depending  thereon  appears  in  a 
Burprisiiigly  altered  light. 

In  every  old  culture  of  bacteria,  according  to  the 
authors,  there  are  found  batileriolytic,  remarkably  heat- 
resisting  enzymes — 1.  e.,  ferments,  which  are  able  tu  dis- 
solve and  kill  bacteria,  especially  old  cells.  Agglutination 
is  only  the  first  stage  of  the  solution  and  depends,  as  Gru- 
lier  held,  upon  a  swelling  of  the  external  membrane. 
Thus,  in  old  cultures  there  is  always  a  sort  of  agglutina- 
tion, and  then  a  dying  ont  of  the  bacterial  cells  occurs. 
The  enzymes  are  usually  only  slightly  specific;  the  pyocy- 
nnruniwiKymefpyncyaiiase)  is,  for  example,  active  against 
anthrax.  They  operate  much  better  if  oxygen  isexcluded 
tlmn  in  its  preaenee.  Also,  certain  bacterial  poisons — for 
example,  diphtheria  toxina — are  destrtiyed  by  the  pyocy- 
aneum ensyuie. 
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If  an  old  culture  or  its  '*  metabolic  products  "  are  intro- 
duced into  the  body  of  animals,  within  them  there  occurs 
a  union  of  the  zymase  with  the  body  albumin — immun- 
proteidin  (Emmerich).  These  immunprote'idins  have  the 
same  solvent  action  upon  bacteria  as  the  bacteriolytic 
enzymes,  but  are  more  durable  and,  above  all,  more  capa- 
ble of  persisting  in  the  blood.  At  least  in  some  infectious 
diseases  the  immunprote'idins  can  be  produced  synthetic- 
ally in  vitro  instead  of  in  the  animal  body,  and  thus,  ac- 
cording to  Emmerich  and  Low,  materials  may  be  produced 
rapidly  and  cheaply  which  possess  very  high  immunizing 
power.  The  immunprote'idins  operate  also  much  more 
strongly  anaerobically  than  aerobically.  The  difference 
between  the  Gruber-Durham  reaction  (agglutination  with- 
out death)  and  the  R.  Pfeiffer  reaction  (death  in  tlie  ab- 
dominal cavity)  is  essentially  dependent  upon  the  follow- 
ing: In  the  peritoneal  cavity  a  scarcity  of  oxygen  prevails 
and  the  peristalsis  mechanically  disturbs  the  agglutination; 
also,  Emmerich  and  Low  find  the  bactericidal  action  of 
normal  blood  to  be  dependent  upon  enzymes. 

This  mass  of  observations,  which  are  most  worthy  of 
notice,  is  not  to  be  overlooked  to-day,  although  there  lias 
been  no  opportunity  for  substantiating  them.  If  they 
prove  true,  they  render  an  essential  revision  of  the  whole 
question  ojf  immunity  necessary. 

Sammarized  presentations  regarding  immunity  or  of  the  greater  part 
of  the  subject  are  :  Buchner,  H.,  Schutzimpfung,  etc.,  in  "  Handbiich 
der  Therapie, ' '  Jena,  1897.  Metschnikoff ,  *  *  Immunitat, ' '  Jena,  1 897. 
Trumpp,  A.  H.  XXXIII,  70.  Dieudonn6,  '*  Experimentelle  und  krit- 
ische  Beitrage znr Kenntnis deragglntinieren  den  Stoflfe,  etc."  Habili- 
tationaschrift.  Wurzburg,  1898.  Dieudonn^,  ''Schutzimpfung  und 
Semmtherapie."     Leipzig,  zweite  Aufl.,  1899. 
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A.  Introduction  to  the  Classification  of 
Fission-fungi. 

I.  The  Fandamental  Ideas  of  Botanical  Classification 
Applied  to  Fission-fungi, 

All  indivjclTi:il  pUiiits  wliicii  iijioii  fiiruful  exaiuination 
are  alike  and  transmit  their  characteristics  to  their  descen- 
dants are  deBignated  as  representatives  of  a  botanical  vari- 
ety (species). 

Tlie  nomenclature  of  the  animal  and  vegetable  kingdoms 
employed  at  present  is  founded  upon  the  assumption  that 
a  very  definite  number  of  varieties  of  plants  (species)  are 
present  upon  our  planet  which  can  certainly  be  distin- 
guished from  each  other  by  characteristics  visible  with  more 
orlesB  ease,  and  which,  through  propagation,  reproduce 
themselves  unaltered  in  all  essential  characteristics.  A 
number  of  such  species  possess  certain  common  character- 
istics and  thus  exlii1>it  a  certain  close  relationship, — these 
species  are  placed  together  in  a  genus.  As  genus  charac- 
teristics it  is  only  allowable  in  general  to  select  actual 
chanurteristics,  usually  those  concerning  the  structure  of 
the  organs  of  reproduction.  Some  genera  consist  of  single 
species,  others  include  hundreds,  A  group  of  genera 
forms  a  family. 
.  In  certain  groups  of  the  vegetable  kingdom  the  actual 
t  circumstances  suit  this  scheme  very  well.  The  individu- 
als can  be  divided  easily  into  a  number  of  sharply  charac- 
teristic varieties,  not  connected  by  any  transition ;  a  num- 
ber of  varieties  group  themselves  naturally  into  a  genus, 
aod  the  genera  constitute  a  natural,  sharply  defined  family. 
The  conditions  are  nearly  so  in  the  case  of  the  German 
malvaceie.  The  family  is  sharply  characterized  ;  it  con- 
sista  of  four  genera,  and  each  genus  includes  from  one  to 
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seven  species,  which  are  sharply  differeotiated  from  each 
other.     Such  gn)up8  afford  pleasure  to  the  (ilasaifier. 

It  is  entirely  different  with  other  groups.  The  family 
rosacea  posscHaea  very  sharply  differentiated  genera,  but 
in  three  of  theae  (rubua,  [wtentilla,  rosa)  the  multiplicity 
of  epecies  is  so  great  tliat  acarcely  two  classifiers,  in  the 
endeavor  to  bring  order  out  of  chaos,  arrive  at  the  same 
classification.  Essentially  two  exactly  opposite  methods 
exiat  for  the  solution  of  this  problem.  According  to  the 
first,  one  distinguishes  every  form  which  differs  in  any 
way  whatever  by  a  name  Cconaeqiiently,  for  example, 
every  individual  rose-hush  !)  and  then  arranges  the  counts 
less  forms  thus  obtained  in  the  most  natural  manner  pos- 
sible. Or — and  this  is  to-day  generally  preferred — a 
number  of  the  most  striking  and  widely  distributed  forms 
are  selected  as  species,  and  the  others  are  grouped  as  suh- 
epecies,  forma,  varieties,  and  transitional  forms  of  these 
main  apeciea. 

A  strict  clasaification  of  bacteria  appears  more  difficult 
L  than  that  of  any  other  group  in  the  vegetable  kingdom 
llor  the  foliowiug  reasons: 

^  1.  Bacteria,  because  of  their  minuteness  and  simple 
HAructnrc,  possess  very  few  morphologic  characteristics 
Btritable  for  clnsstficntion. 

H  3.  The  description  of  the  indiviilual  varieties  of  hac- 
MBtia  represented  in  the  literature  has  been  absolutely 
mosofficienl;  e^'en  recently  there  has  been  much  sinning 
Bd  this  direction. 

W  3.  There  are  a  great  many  rarely  deecril>ecl  varieties 
mI  bacteria,  which  cnn  no  longer  he  obtained  in  cul- 
Bnn,  with  which,  therefore,  there  is  no  poesihility  of 
Komparison  with  an  ajipurently  new  variety. 
W  4.  Quite  a  number  of  those  describing  "new"  varie- 
Rifls  have  taken  no  trouble  to  lf>ok  over  the  contribu- 
■liona  of  Uieir  predecessors,  but  this,  t*)  he  eure,  is  often 
nxcusable  because  of  the  conditions  represented  under  2 
land  3. 

\  Still  greater  difficulties  in  the  proper  definition  of 
npccies  among  bacteri:i  lie  in  the  extremdy  great  vari- 
mabUity  of  bactrria,  so  often  referred  to  in  the  general  part 
ECohn  and  Koch  could  easily  show  that  Nageli,  who  had 


^^r  first  asae 
^H  coDclusi 
^r    trine  of 
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first  asserted  this  in  a  broad  eeose,  was  partially  led  to  thia 
conclusion  by  ineffident  methods.  But  also  Cohii's  doc- 
trine of  the  constancy  of  species,  whicli  for  a  long  time 
was  luosl  strongly  advwated  by  Koch  and  his  [lupils,  is 
not  to-day  tenable  in  the  old  sense,  for  contiimed  and 
always  more  penetrating  invtstigallou  has  demonstrated 
that  almost  all  the  properties  of  a  well-defined  spe- 
cies are  exceedingly  variable.  For  example,  we  have 
leiirncd  that  upon  various  nutrient  media  the  microscopic 
fonns  vary  tliroughout  a  wide  range;  that  dwarf  forms 
occur;  that  the  liquefaction  of  gelatin  (p.  61)  and  for- 
mation of  pigment  (p.  69),  clouding  of  Ixjuillon,  pellicle 
and  sediment  production,  ability  to  produce  fermentation 
(p.  86)  and  pathogenic  ctTects  (p.  94)  are  exceedingly 
variable  quantities,  which  can  vary  from  a  maximum  to 
ni/;  even  the  ability  of  forming  spores  (p.  26)  and,  appa- 
rently, the  production  of  flagella  and  spontaneous  motility 
(p.  24)  are  propertits  that  may  be  lost,  although  rarely. 
This  means  that  bacteria  vary  as  reniarltably  as  other 
known  plants,  somewhat  similarly  to  many  cultivated 
plants. 

For  many  of  these  variations  one  may  recognize  tho 
cause  in  the  influence  of  the  nutrient  medium,  and  speak 
of  them  as  adaptations  to  changed  conditions  of  life,  as 
variations  from  external  causes.  Other  observations,  of 
which  we  related  a  grt>at  many  in  the  first  edition  (the 
origin  of  organisms  obtained  upon  plating  a  culture,  which 
are  entirely  diRcrent  as  regards  liquefaction  and  color, 
while  the  original  culture  had  for  many  generations  ap- 
peared pure),  can  properly  be  explained  as  dependent  upon 
internal  causes. 

While  we  may  deplore  these  facts  from  a  didactic  stand- 
point, since  they  make  the  teaching  and  learning  of  bacte- 
riologic  science  much  more  difficult,  and  not  rarely  also 
maile  the  solution  ot  a  concrete  problem  by  tho  expert 
iiiipossilile,  still  we  must  not  overlook  thoni  if  we  would 
advance  scientific  bacteriology.  It  is  possible  that  the 
ho})e  of  those  may  lie  realised  who  expect  that  new  inves- 
tigations may  disclose  hitherto  hidden  diagnostic  aids, 
which,  consequently,  when  applied  may  disclose  the 
longt)d-fur  constancy  and  sharp  definition  of  spec\«&.     Utv- 
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fortunately,  we  hold  the  fulfilment  of  this  hope  moEt  im- 
probable, and  look  tor  the  simplification  of  our  subject 
through  ap[)roaching  the  ijueetion  from  a  different  point 
of  view  and  by  an  improved  nomenclature. 

In  every  species  of  bacterium  which  is  closely  studied, 
there  are  found  closely  related  forms  that  not  rarely  rep- 
resent to  the  unprejudiced  unbroken  links  to  other  species. 
I  will  recall  only  the  discoveries  which  have  been  made 
regarding  the  streptococci,  the  colon  group,  the  diphtheria 
organisms,  and  the  relatives  of  the  c^use  of  tuberculosis, 
which  so  long  stood  almost  entirely  isolated. 

With  this  condition  of  things  I  have  sought  to  apply  to 
bacteria,  with  the  greatest  jiossible  care,  the   principles 
which  have  been  found  satisfactory  with  the  pleomorphic 
phanerogams,  with  which  I  have  worked  for  years.    With 
the  principal  varieties,  which  were  completely  described, 
we  have  grouped  related  varieties  without  assigning  to  the 
latter  the  rank  of  varieties.     We  omit  this,  because  we 
must  have  made  changes  in  the  nomenclature,  but  espe- 
cially because  also  the  prtJicipal  variHies  are  ojlen  separated 
i  Jrom  each  other  by  chiiTtietcristics  that  would  scarcely  be  eon- 
Inderof  as  sufficient  for  the  charaeterhfilion  of  varieties  in  the 
(botany  qf  higlier  plarUs.     It  is  naturally  almost  impossiblo 
Kto  state  exactly  the  grade  of  relationship  between  closely 
f  standing  varieties,  and  it  often  becomes  a  matter  of  taste 
I  whether  one  states  "  identical  with  the  preceding  variety  " 
I  or  "very  closely  related,"  etc.     We  certainly  believe  it 
J  belongs  to  the  future  to  convert  varieties  of  bacteria  into 
others,  in  a  manner  scarcely  to  he  imagined  to-day.     The 
forms  of  the  Micrococcus  pyogenes  are  convertible  into 
each   other;  the  Bacterium  pyocyaneuni  and  Bacterium 
I  fluorescens  can,  indeed,  almost  certainly  be  converted  into 
I  each  other;  and  similar  statements  regarding  typhus  and 
I  coli,  diphtheria  and  pseudodiphtheria,  etc.,   are  always 
l  Hlill  loolted  U|)on  with  skepticism,  but  the  possibility,  yes 
f  even  the  probability,  can  scarcely  be  contested  any  more. 
[       In  spite  of  all  tlii'  things  which  make  a  rational  division 
I  and  classificaliim  of  iiiuti'rin  more  thun  ever  difBcult,  we 
*  take  the  stand  that  it  is  ul>solutely  essential  to  strive  after 
it,  and  that  nlso  for  medical  men  the  division  of  bacteria 
into  pathogenic  and  non-pathogenic,  etc.,  as  is  still  always 
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e  in  test-books,  has  failed  nbaolutfly.  We  caii  un- 
itand  and  know  Uil-  jiathogeniu  vuriylies  only  it  we 
study  siinultaneouety  the  nun -pathogenic,  from  which  the 
furmer  have  oiK-e  origiiialt-d  and  still  always  originate' 
(see  P«Bt). 

(The  dot'trinu  of  the  absolute  constancy   of  bat^tcria, 
bich  for  t«n  years  was  almost  a  dogma,  is  now  scarcely 
.  &11  seriously  advocated. 
Th 
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n.  The  Nomenclature  of  Bacteria. 
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The  nomenclature  at  present  enipbiyed  in  Imctt^riolotric 
rorks  wrilt<^n  by  medical  men  is  characterized  by  a  limit- 
arbitrarineaa  and  inconsistency.  Since  these  iiomen- 
itors  often  possess  alisolutely  no  eentiinent  for  their 
■bitrariness,  and  the  simple  rules  of  scientific  nomen- 
clature are  often  entirely  unknown  to  tbeni,  I  allow 
myself  to  set  down,  as  briefly  ns  piissible,  the  Tiuist  esstntiai 
rules,  which  are,  by  internationiil  agreement,  accepted  by 
all  educated  peoples,  ispecially  as  they  bear  upon  bacteri- 
iS^ogy. 

1.  Every  plant  and  also  every  fission-fungus  belongs  to 
species,  every  8|)eeies  to  a  genus,  every  genus  to  a  family. 

2.  Following  the  precedent  of  Linn^,  every  vegetable  or 
animal  organism,  therefore  every  variety  of  bacterium, 
slioultl  have  two  Latin  names  :  the  first  designating  the 
genus  to  which  the  concerned   oi^anism  belongs,  which 

tame  is  a  iubslanliee;  the  second  indicating  the  variety 
[species),  and  being  an  adjtxtivc  (not  hw)  or  the  genitive  of 
substantive,  only  rarely  a  substantive  in  the  nominative 
ae.  Thus,  in  the  genus  bacillus  belong  the  species  Buc. 
ibtilis  (hay  bacillus),  also  the  species  Bac.  anthracis 
illthnvx  bacillus),  and  Bac.  megatherium. 

3.  Genera  must  only  Imj  foumlcd  upon  important  mor- 
stogic  characteristics;  so-called  "  biologic  genern,"  snoli 
photobacteriura  for  all   light- emitting  bacteria,  pyo- 

..rterium  for  rods  causing  suppuration,  etc.,  are  only  cal- 
ilated  to  produce  confnsiim. 

'  It  the  patholiijjist  tnny,  perhaps,  say  that  the  pathojwiiic  tiwitorJa 
alone  interest  hini,  soph  a  atnlement-ns  I  hiivp  otten  hiainl— from  Iho 


120 


CLASSIFICATION  OF  FISSION-FCNOI. 


4.  As  dceignations  for  species  many  aatliors  have 
iiiBtead  of  one  adjective  or  substantive,  a  plurality  of  ad^ 
jectives,  evidently  with  the  object  of  furnishing  a  descrip- 
tion through  the  name:  Bac,  rosettaceue  metalloides, 
Stajihylococcus  py^ncs  aureus,  Bacillus  pyogenes  ftfiti- 
dus,  Bacillus  meeentoricus  patiis  viscosi  i  and  ii.  This 
effort  can  be  understood,  but  it  has  been  iibandoiitd 
entirdy  impractical  by  all  descriptive  naturalists  since 
Linn^.  The  name  of  the  species  should  indicate  only  the 
variety  unequivocally;  the  characterization  belongs  to  the 
description.  It  docs  no  harm  if  two  or  more  organisms 
possess  names  that  uican  the  same,  if  they  do  not  sound 
alike-  Besides,  a  Micrococcus  albus,  also  a  Micr.  niveus, 
albissimus,  candicaiis,  and  purus  are  entirely  ri^ht;  the 
description  must  give  more  exactly  Uie  kind  of  diSerencea 
existing  between  these  wliite  cocci. 

5.  Improperly  (i.  «,,  contrary  to  the  binomial  rule) 
formed  names  may  be  replaced.  We  have  done  this  with 
tiie  greatest  consideration  for  the  existing  name  whenever 
poesihle.'  We  have  not  changed  names  like  Bac.  acidi 
laclici,  because  acidum  lacticum  represents  a  nngU  idea, 
and  names  like  Semi>ervivum  Reginffi  Amaliie,  Podicularis 
Friderici  Augusti,  Trigonella  F(Enuni  pra?cum,  Pedicularis 
Sceptrum  caroliniim  have  remained,  allliough  certainly  not 
convenient,  still  uneontested.  Varieties  which  we  have  not 
studied  more  closely  or  which  in  our  opinion  should  bo 
suppressed,  have  not  l)een  renamed;  on  the  contrary.  Met 
has  conducted  this  renaming  in  the  widest  extent  in  • 
most  acceptable  manner, 

6.  If  names  are  properly  formed  in  the  binomial  man- 
ner  and  correctly  published,  then  they  must  not  be  changod 
by  the  author  himself,  much  less  by  others,  even  il  suhs^ 

Silently  anotht-r  name  appe^ira  hetter.     Also,  tJie  reason 
lat  the  name  is  philologically  incorri'ct  or  not  beautiful 
gives  no  occasion  for  change.     Even  if,  for  example,  il  waa 

'  We  xirgret  that  wp  had  lo  Ho  this  al!in  in  the  nine  oT  a  nainher  of 
oonvcuif^nt  ftii<i  very  rnuiilinr  nnmra;  for  exniniile,  thuee  of  FlUgge. 
Unfortunately,  nlsu.  Kniw  has  fonncd  a  Inr^ie  nnnihrr  of  ni^w  niunva 
onntnuy  t«  nije.  Our  nRtnca  hnvr  the  priority  over  hin.  brcansc  pub-  . 
lUUfd  uttuut  tvfo  luonlhx  CJirliiT,  1>nt  lliirr  arc  to  be.  prelerrvd  b  "  ~ 
in  so  br  OS  Kruae'a  ore  (urmvd  txintniry  to  rule. 
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literally  more  correct  to  call  tlie  genera  which  we  call 
'■  mycobartfirium"  "  tulierculoniyces,"  auch  a  propo- 
sition is  absolutely  unallowable.  Renaming  is  only  re- 
quired if  the  name  given  was  employed  earlier  with  another 
eignificutiou.  Thus,  Cuhn  founded  upon  a  certain  organ- 
ism the  new  genua  streptothrix,  without  knowing  that 
Corda,  about  tiiirty  years  previously,  had  conterrSl  this 
name  upon  a  fungus  that  is  totally  different  from  hia. 
Hie  new  variety  must,  therefore,  receive  a  new  genus  name, 
wluch  he  who  first  observed  (John's  oversight  is  justified 
in  establishing. 

7.  It  happens  that  an  author  differs  from  his  predeces- 
sor regarding  the  bounds  of  the  genera,  that  therefore  he 
tranaferg  a  apecies  from  one  genus  into  another,  pre-exist- 
ing or  newly  formed  by  himself.  This  ia  pennissible;  siUl, 
the  designation  of  the  species  must  not  be  changed.  So  we  had 
the  right,  when  we  broke  up  the  very  lai^  genus  bacillus, 
following  the  suggestion  of  Hiippe,  into  the  two  genera, 
bacillus  and  bacterium,  to  rename  a  number  of  Viirieties 
(for  example.  Bacillus  pyocyaneus  being  renamed  Bac- 
terium pyocyaneura),  but  we  did  not  have  a  right  (how- 
ever much  the  name  pyocyancum  was  disliked)  to  rename 
the  organism  Bacterium  cceruleo-viride  or  Bacterium  Ges- 
sardi  or  anything  else. 

8.  The  author  who  names  a  genus  places  his  name  aft«r 
it.  We  speak  of  the  Bacillus  Cohn,  and  mean  the  genus 
bacillus  as  Cohn  establishetl  it ;  of  the  Vibrio  Ehrenberg 
emend.  Loffler,  and  mean  the  genus  vibrio  as  established 
by  Ehrenberg  and  afterward  more  accurately  described  by 
Loffler. 

9.  ^Vhoeve^  di.scovers  a  new  species  or  names  one  not 
preriously  named  Uge  artie,  gives  it  a  genus  and  a  species 
name,  and  places  hia  name  after  the  latt^ir.  Fliigge,  who 
first  named  a  large  number  of  bacteria,  gave,  for  example, 
the  name  Bacillus  pyocyaneus  Fltigge  to  the  long-known 
cause  of  bluish-green  suppuration. 

10.  When  one  places  a  species  in  a  new  genus  he  puts 
his  own  name  after  the  new  name,  thus.  Bacterium  pyocy- 
nneum  Ijchmann  and  Neumann,  but  it  is  always  to  be  rec- 
ommended to  add,  in  paronthcsea,  the  name  of  the  author 
who  first  named  the  spcciea.     Therefore  we  always  write, 
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where  it  does  Dot  become  too  cumbersome  (in  litles,  etc.), 
Bacterium  pyocyaneum  (Fliigge)  Ivchmanii  and  Neumann. 
While  we  desire  that  nil  names  which  cxprt'ss  the  sys- 
tematic position  of  the  variety  of  bacterium  shall  conform 
to  the  general  rules  of  nomenclature,  still  we  believe  that 
names  currently  used  in  bacterlologic  literature,  as  gono- 
coccuB,  pneumococcuB,  staphylococcus,  tubercle  bacillus, 
diphtheria  bacillus,  can  be  still  used,  but  as  so-called  trrdi- 
nary  iuitms.  Thus  also  tho  strictest  botimist,  if  not  speak- 
ing in  a  strictly  systematic  sense,  often  8]>eaks  of  the  oak 
instead  of  quercus,  and  strawberry  iustcad  of  fragaria.  We 
must,  however,  strictly  avoid  sniugglinginto  the  literature 
as  names  of  genera  such  names  as  gonouoccus,  etc. 

III.  The  Formation  of  the  Families  and  Genera  of 
Fission-fungi. 

The  families  of  the  fission-fungi  are  given  fairly  uni- 
formly by  the  more  recent  investigators.  Here  a  better 
division  does  iiot  seem  possible  at  present ;  on  the  con- 
trary, regarding  the  genera,  the  comprehension  is  most 
variable.  The  simplest  and  most  natural  division  is  that 
of  Fliigge  (retained  by  Kruse  in  Fliigge,  third  edition), 
which  so  properly  includes  the  genera  micrococcus  (strep- 
tococcus), sarc'ina,  batrilhis,  and  spirillum,  but  without 
rejecting  energetically  such  genera  as  staphylococcus,  or 
separating  the  causes  of  diphtheria  and  tuberculosis.  A 
more  copious  selection  of  genera  is  made  by  Hiippe,  still 
more  by  Migula,  and  the  most  extensive  by  A.  Fischer. 
After  mature  deliberation  we  have  followed  Fliigge  most 
closely  as  lo  the  coccacea  nnd  hactcriaceffi,  on  the  other 
hand,  the  works  of  Loffler  and  Migulaastothespirillacefe. 

I.  Family  Coccaces  Zopf,  Anend.  Ml^la.     Spherical 
Bacteria. 

Cells,  when  free,  are  perfectly  globular;'  division  in  one, 
two,  nr  three  directions  of  space,  in  which  each  spherical 
cell  divides  into  halves,  quarters,  or  eighths  of  a  sphere, 

inly  iiiiiierTwtly  lo  the  Strept.  1 


FAMILY  COCCAI-f:.E  7.0PF.  123  | 

wliich  t^iain  grow  out  into  perfect  Bplieres,  Endospores 
and  Hagella  very  rare.  Bt-fore  division  tlie  cells  may  be 
e  and  a  hall  times  aa  long  as  hruati,  taint  staining  then 
revealing  an  unstained  line  of  division. 

1.  The  cells  divide  (almost)  only  in  one  direction  of 
space  at  right  angles  to  the  direction  of  growth,  so  that  it 
the  products  of  division  remain  attached,  they  form  (es- 
pecially in  bouillon)  shorter  or  longer  rosary-like  chains, 
the  chains  often  consisting  of  distinct  pairs  of  cocci.  Under 
certain  circumstances  there  are  only  (or  largely)  pairs  of 
cocci  instead  of  chains.     Streptococcus  Billroth. ' 

2.  The  cells  regularly  divide,  al  Uanl  on  Ifie  most  auUahU 
niUrUnl  medium  (hay  decoction),  in  ihree  directions  ot 
space,  *  and  remain  united  in  la^er  or  smaller  cubical  lara- 
ily  groups.     Sareina  Goodsir, 

3.  The  cells  divide  irregularly  in  various  directions,  so  , 
that  there  occur  single  cocci,  single  groups  of  from  two  to 
tour  cells,  and,  finally  and  preponderantly,  Irregular 
grouped  bunches.  Here  belong  all  forms  that  do  not 
ajipear  as  undoubted  streptococci  or  sareina;.  Micrococcus 
Cohn. 

The  recognition  ot  these  three  genera  of  cocci  is  largely 
artificial,  and  there  occur  perfect  transitions. 

The  genus  Stapiiylococcus  Ogston  has  no  botaniaU 
rights,  for  the  property  of  forming  "grape-like"  clusters  is 
possessed  at  times  by  all  varieties  described  to-day  as  mi- 
crococci. The  name  staphylococcus  does  not  primarily 
designate  any  "new"  genus.  OgBton  found  (microscop- 
ically) two  forms  of  micrococci  in  pus  (without  cultivating 
them),  grape  cocci  and  chain  cocci,  and  designated  them 
by  the  well-chosen  names  of  Staphylococcus  and  Strejrto- 
8  (Billroth).     Roeenbach  later  cultivated  the  varieties 

'  HeR  beloaj;^  Leuconostoc  Cienc,  which  iaonlyaatrepbiooeoaB 
with  At  times  enormoDBly  ttikik  uapgalea  (see  below).  Also  part  of  the 
"diplocooci "  are  iinturall;  indnileil  heK. 

■The  viirii>tiea  which,  bj  division  in  two  planes  at  right  angles  to 
each  other,  form  fiat  jn^up^  ""''  which  we  ilrncribesl  by  niithorH  aa 
pedlococcus,  merista,  merlsmopedla,  we  leave  anions  tlio  micro- 
eaeei.  Slna-  even  the  "khiiiis"  Siireina  i<>  nepn rated  with  difficulty, 
nedonotreoo^nize  the  need  for  theKonemplanncoocuxaiid  plain 
o(  Miinila,  which  aro  tmmdisl  npon  one  or  Iwii  fliigrllatiid  v; 
(^)ccinlly  na  the  formation  of  flagella  varies  (^aee  below). 
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.^  ,  and  gsTe  the  Datu«  Stspbj-lo 

B  to  Ac  IvBckad  eaoa,  riiidi  we  may  to^j"  employ 
tm^tmymmmttKrafmatatdaaaocoixi  causing  eui>- 
am,  ami  mtiA  w  nil  ose,  bat  h  miLst  be  dropped 


Zsfrf,  emend.  Migula  (Bacil- 
Rod  Bacteria. 

Ck&«  *i  k:>A  ooe  xai  a  half  bat  asaally  from  two  to  six 
•b«  as  kae  «■  Inad,  atmighl  or  soowwbat  bent  in  oue 
^tmm^Jtft  anvr^inl,*  aKtnMBlonmingloiigtnieorap- 
...  >  »^-  -  -  (ahDQBl)  aliraTB  is  at  right 
X  Autghtioa  of  the  rod;  witb 
with  or  without  enJoapores.  The 
are  wanting  sometimes  form 
„  lany  aotbore.  Yet  il  is  not  po8- 
aUaio  turn  tbese  " arthioep(»es "  to  account  iliagnost- 
icaSr.  and  daey  are  cntirelT  denied  br  many  investigators. 
1.  Wltboat  (iMiaptioas  epores,  Sieged  to  often  have 
ait^iwpons.  Rods  usaallj  less  than  0.8  to  l/<  thick. 
BBCteriaaa*  CohiL  cmvtid.  Huppe. 

i.  Witib  ctMioqtores.     Rod:?  ollm  more  than  1  fi  thick.* 
BacMasOsbn.  entend.  Huppe. 

Oabii  in  his  dasstficatioa  laid  more  value  upon  gron-th 
wDa  long  tluvads  (whidi,  according  to  him,  is  churacter- 
■ticof  badlfi)  tbw  npoo  the  property  of  spore- formation; 
Im^  homrnrm,  often  empbaeiaes  the  tact  that  most  bacilli 
pKxfatce  cadoBePocs  spwTM. 
fh*  fact  UuU,  througfa  certain  injurious  influences,  spore* 
r  be  loet  is  no  valid  objection  to  the  classifl- 
in  most  cases  abo  typical  bacilli  without 
or  may  be  conjectured.     It  is  more 


4 


lie  tlul  there  af^iear  to  be  varieties  of  bacilli 
wkkh  al  lea^  are  related  to  rarietie^  in  which  spores  n 

i;  lot  example.  Bacillus  erythrosporus.     There  always  _ 

'  iralHlaaalily  U  mmI  be  mU  tbmt  "  never  spiral  "  is  ntiX\y  n 
'^         '^        »W^  iitll»«Bentmiithrax,  Bac  Zopfii,  ete.,  f  ' 
Il  omnot  loaiMjr  b#  in  one  jAMnr 
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appears  to  us  to  be  lees  pogsible  objection  to  the  method  of 
divisioQ  adopted  by  U8  than  to  the  otlier. 


The  tollowing  siiMivihicfii  i)f  tlic  jji-iiufi  Iku-lIItim  iipj-iirs  f.i 
little  value: 

Spore  d-'iiUally  tocfttrd  without  a  biili^iug  of  the  vt^ttilivi 
B«cf  llus  in  El  Rtrict  aeiise. 


I 


Spore  IocqimI  nt  the  pole  without  a  bulging  of  the  l>Blnnce  of  the 
Tfgctative  cell.     Paraplectrum  A.  Fuchitr. 

There  occur  varioos  trunHitious  in  tlie  aaiiiB  Bnwiiea,  tor  example, 
the  Bbc.  (edenuttis  maligni,  and  even,  according  to  recent  in  veal  iyn  tors, 
«ll  anaerobes  aonietiines  present  ctostridinm,  8uniKtimM  pAnipIoctrnm 

In  the  effort  to  baild  n  ^dds  clamilicatioD  npon  the  flu){«lla, 
Hif^ln'  has  arrived  at  the  folio winj;  often  iinnatnml  clatHiUcatiun,  in 
the  more  extensive  upplioation  of  which   new  coTuplicatioiks  are  to  In 

1.  Cells  withont  orfions  of  looomnCion,  often  with  endoBpures. 
Bacterium  Cohn,  emend.  Mignla. 

3.  Cells  with  motile  organs  distrlbntcd  over  the  whole  txidy,  often 
with  cndiMpores.     Bacillus  Cohu,  umend.  Mignla. 

3.  Cells  witb  polar  orf^na  of  locomotion,  eodospore  formation 
more  rare.     Pscudomonas  Mignln. 

ThUB  in  one  genos  are  Idcat^  Bac.  anthnvcifl,  Bact.  cnniculidda, 
and  Streptocovons  laitceulatua  (!);  in  another,  Bout,  typlii  and  Bac. 
auhtilia.     This  is  contrary  to  all  natural  relationship  1 

Ttie  clos^ificatjon  of  the  bacteriaces  by  A.  Fincher  is  logicnlly  mn- 
structed  and  clearly  Htated.  He  diviilea  the  bacteriacciG  into  not  less 
than  foar  genera  withont  and  twelve  with  spons,  which  are  dilTerpn- 
tiatid  by  the  nnmbur  and  locatioti  of  the  flni^.lln  and  aliW  aooonling  to 
the  form  of  the  rods  oontainiiig  sjiores,  Bucauso  of  the  great  vario- 
hilltj  of  these  properties,  this  too  Bohematic  classification  has  won  few 
friiMids.  Many  varieties  can  us  well  be  placed  in  one  genusns  another. 
We  desist,  therefore,  from  giving  this  method  uf  cloNsitication. 

III.  Family  Spirillaces  Migula.     Screw  Bacteria. 

VL-gctative  bodies  are  unieL'llular,  sinuously  or  spirally 
curvwi  and  twisted,  more  or  less  elongated  ;  division 
always  at  right  angles  to  long  axis;  cells  often  united  in 

'  Even  if  Higula  desired  to  olassify  the  hacteriaceie  acmnting  to 
motility,   the  old   names  of   Davikine  —  bacterium  for   motile  and 
tendilUD  fornon-motile  varietiea— certainly  di'iiiaiidinl  ri'habili- 
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sliort  chniiiti  of  a  few  links,  very  nften  in  paire;  usually 
actively  inutile  because  of  dagoUa  located  at  the  ends. 
EndoBpores  known  in  only  two  varieties. 

1.  Cells  short,  slightly  bent,  rigid,  eomma-like,  sonae- 
times  attached  in  a  screw-like  manner,  always  one  (excep- 
tionally two)  ftagelluni  at  the  end.  According  to  Hiip^, 
they  possess  arthruBiiorea.  Vibrio'  0.  F.  MiiUer,  emend. 
LofHer. 

2.  Ci'Ua  long,  spirally  bent,  like  a  corkscrew,  rigid,  ubu- 
ally  with  a  polar  hunch  of  tlugella  formed  of  many  long 
principal  and  several  short  accessory  ones.  In  the  Spir. 
Eputigenum  Miller  the  hnnch  of  llagella  is  not  at  the  end, 
but  on  theside.     Spirlllumi  Ehrenb.,  emend.  LofHer. 

3.  Cells  consist  ot  flexible,  long,  spiral,  coiling  threads. 
Flagella  unknown.  l,oconiotion  by  means  of  an  undulat- 
ing membrane  is  suspected.     Spirochoete  Ehrenb. 


In  a  strict  sense  the  causes  of  glanders,  diphtheria, 
leprosy,  and  actinomycosis  do  not  belong  among  the 
fission-fungi.  It  is  generally  acknowle<iged  to-day  that 
th«y  must  either  be  designated  as  fiaaion-tungi,  which  form 
a  connecting-link  to  the  higher  fungi  (hyphomycetes),  or 

'  Hifcnlo,  with  Schiuter,  called  the  Kronp  which  is  now  almost  nni- 
wrHBll.Tdiwgiintediia  vibrio,  tnlcrospira— n  dMiicnatioo  thattsaoDec- 
enary  if  we  nroept  the  dcAnttion  of  vibrio  snf^gpstwl  by  LiSffler. 
MoD'over.  SchruWa  definition  nt  Hpinllnni  and  niieronpira  does  not 
mlt  the  known  proprrCies  of  the  variptioi  therein  inclndMl.  Fur  the 
fnw  non-motile  (without  Bogeila)  ri|cd  vibrionea  Miini'a  has  intro- 
diKWal  the  name  Splrosoma  MiKUla. 

■  Tlere  beinnE  such  forms  ns  the  Spirillum  endoparaswclcum 
Sor.,  rtescrit^  by  Somkin  and  which  he  onoe  found  in  a  hollow  tree  in 
Knattn.  This  remarkable  typically  npiral-shnpi'*!  orcnnism  formed 
typical  endofiporea,  which  fccrminat^  while  still  within  the  spirillum, 
MM  so  oSer  cliaracteriHtic  pictures  |C.  B.  i.  4li6).  The  orjjjinixm  np- 
pean  to  oonnwt  Uie  spirillaeesc  and  the  bticilli.  AoconlinK  to  Vnx- 
imntrBkl,  the  Vibrio  rugfula  pnnneiw*  n  fipore  canirin);  swellinfc  of  rhc 
end  where  it  in  lomted.  Spore- form  At  ion  iiaa  not  been  dewiribrd  in 
filfaer  vibrionen.  We  know  nothing  reeardine  thp  floi^IU  of  this 
vibrio  ru^la,  which  r(>M>mlili«  the  Bao.  mtemsti)!  malisni.  Moreover, 
Zettnow  eiprvMly  oontrndiota  the  idea  that  Uie  vibrio  rugnla  forma 


candidly  as  low  hyphomvcetea, '  oe  wiis  done  for  tlie  first 
time  in  the  first  edition  of  this  book,  in  1S96.  Kruee  has 
jikced  the  actinomyces,  together  with  its  nearest  relatives, 
in  a  family  of  hyphoraycetcs,  "  streptotrichea;, "  while  he 
still  speaks  of  a  Bacillus  tuberculosis,  etc.  Recently, 
Lacbner-8andoval  hiis  introduced  the  name  actinomyoetes 
to  designate  the  group  of  "  fiedon-f  ungi  closely  related  to 
the  hyphomycetes "  (as  we  had  designated  them  in  the 
first  ttdition),  and  until  we  have  suniething  better  it 
anaweiB  for  practical  purposes. 


SUPPLEMENT  I. 
Actlnomycetes  (Lachner-Sandovai). 

Delicately  threaded  organisms,  free  of  chlorophyll,  with 
true  branching,  in  part  very  abundantly  ramifying  myce- 
lium, partly  with  the  formation  of  conidia.  Young  cul- 
tures often  present  only  unbranched  rods  resembling  bac- 
teria, which  can  in  noway  be  differentiated  from  ordinary 
fission-tung;].  According  to  many  authors  there  is  a  ten- 
dency to  the  formation  of  clubs  or  knobs  at  the  ends  of 
the  threads, 

1,  Microscopic:  Slender  often  somewhat  bent  rods,  often 
with  a  tendency  to  a  clubbed  swelling  of  the  ends,  branches 
rarely  observed  in  young  cultures,  easily  broken  off,  and 
often  difficult  to  find  also  in  old  cultures.  Always  non- 
motile;  never  conidia. 

a.  Rods  stain  interruptedly  (striped)  with  weak  stain- 
in  g-soluti  on  s,  since  the  oi^nism  is  composed  of  parts  with 
different  staining  properties.     Not  stained  by  the  method 

'Aa  hyphomjrcetes  there  hare  been  deffi|niat«d  lor  a  long  tine  in 
bobuiy  s  lant*  Diunber  of  threaded  fungi,  of  which  iiothiii);  ifl  known 
except  thrends  nnd  non-eejcnal  spores  that  are  npon  threads  or 
(•peeial  carrieni.  The  (cronp  ia  contitnntly  ^niwing;  smaller,  ae  miuij 
cmrlier  "  hjT)homywt«i "  have  bpc^nie  known  m  members  of  the 
shnrply  nhoraclen  zed  gronps  of  fongi  (aaconiycetfs,  zygomycetes, 
haauliiimyi'eles).  The  aetinomycetes  appeiir  lo  form  an  e  " 
uml  tTUUp  of  the  "hyphomyoetes." 
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for  the  tubercle  bauilliiK.  Clubbed,  wedge-shaped,  and 
pointed  rods  frequent.     Corynebacterium  L.  and  N. 

^.  KodB  stain  with  ui^ual  staining-solutions  with  dilH- 
culty  orgenerallynotat  all.  Stain  by  the  tubercle  badllua 
luethorl,  t.  e.,  it  is  acid  resisting.  Clubbed  swelling  of  the 
enils  in  cultures  rare,  in  tissues  somewhat  more  often. 
Mycobacterium  L.  and  N.  > 

2.  Mycelial  threads,  long,  thin,  extended,  or  winding, 
without  dividing  partitions,  with  delicate  sheaths  and  true 
branches,  Many  siiecies  separate  from  the  air-hyphic 
rows  of  short  spores  (conidia),  which,  whitish  and  mold- 
like, project  upward  above  the  solid  nutrient  substratum; 
in  connection  with  other  species,  conidia-forumtion  is 
unknown.  Not  stained  by  tubercle  bacillus  method. 
Motility  sometimes  absent,  sometimes  present  Almost 
all  varieties  emit  a  musty  odor.     Actinomyces  Harz. 

We  have  determined  to  follow  the  example  of  Gasparini 
and  designaUi  this  genuB  as  actinomyces.  Streptothrix, 
as  these  varieliea,  together  with  others,  are  called  by 
Kruse,  is  a  name  given  by  Corda  in  1839  to  a  certain 
mold-like  organism  which  Cohn,  because  of  an  over- 
sight, in  1875  introduced  a  second  time  into  the  literature. 
Cladotbrlx,  which  many  autliors  to-day  call  these  varieties 
(compare  Giinther),  is  tiie  designation  for  an  entirely  dif- 
ferent pseud odichotomo us  plant  (see  {Supplement  ll).  In 
the  Brst  edition  we  accepted,  with  Kiiuvageau  and  Eadais, 
the  old  designation  of  Wallroth,  oospora,  but  since  Loch- 

'  Since  ve  pmpnimi  tliU  nninc  iu  thu  flrat  edition,  we  hitvew«n  Ibat 
HetanlinikalllViroliuw'aARtliiv.  113,  p.  TO,  IH88),  wlioflrat  rnnguiwd 
the  pocitliar  {xtsitinn  <iF  (hi-  tiilirrcle  hiKilliLi  itit  opiHwied  lii  the  otber 
ttten  knuwii  bntiU.'riit,  in  n  wurk  "  tti'jokrdiii);  tlie  I'hngooytiu  KAle  of 
ttie  Talwroular  (iiaiit  Oil,"  Itoa  natA:  "  II  one  consiilere  that  in  the 
pvrftoUNl  stn«p  the  tulKrclc  bactr:rii>  have  gniwu  into  (althuiiich  short) 
thnMla,  luid  sIko  AiBvt  from  uth«r  aimloftous  funus  (exiiepl  Ihe  lepra 
iMoterik)  in  Uio  paneminn  of  n  verydciiat;  rnvelcipe,  then  pf-rluipn  it 
will  be  Miner  to  iiocti|it  the  diviHriatiDU  Sclerotfarlx  for  thi>  K^nns. 
•nd  Sderothrlx  Kochll  for  the  aptvicH  of  the  tnberale  bncteriuin." 
We  shoDld  have  iiiinuiliiitcly  ncooiited  these  luuiitis  it  we  luul  knowu 
of  tlwin,  but  lii'licvh'  Ihut  uvcuniin);  to  the  rutee  of  botnniuul  noineu- 
tlatnre  oar  nmneD  ahould  now  stonil,  aince  MetHchnikoil  only  mnde  a 
nnditioDAt  pmpiianl,  iliil  iiotnooiiniti'ly  dclinehinnewgenns,  nnil  never 
''Wla  *liy   liw  of   the  uew  luuiii'  hiinsclf,    while  we  have  oorselfM.. 

«d}-  Mtnblislied  a  noioe.  I 
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^ Ber-Sandoval  (Dissert.  StrassLurg,  1898)  has  conviacod 
us  Uiat  the  true  oospura  varii^ties  arc  much  larger  although 
BJinilarly  coiiBtmcted  organisms,  ne  hIbd,  with  this  author, 
consider  the  name  actinomyces  (Harz)  at  present  the 
most  correct. 

Some  varieties  of  wide  practical  importance,  clisely 
relatefl  to  bacteria,  but  reminding  one  very  strongly  of 
true  algi  (oscillaria),  have  been  included  under  Supple- 
ment II. 

If  we  cast  a  glance  over  this  system,  we  can  not  deny 
tliat  the  families  and  gcnom  arc  often  connected  by  tran- 
sition varieties ;  we  recall  only  the  following ;  The  border 
bctwntn  the  coccacete  and  bavtcriaceee  is  obliterated  by 
oval  and  lance-formed  (!)  cocei  and  certain  extremely 
Bhort  bacilli  (compare,  in  the  special  part,  Micr,  nieli- 

I  teiisis.  Bacterium  Fraenkelii);  between  streptococcus  and 
micrococcus,    micrococcus  and   sorciua,    it  is  ofteu   un- 

[  Bafe  to  dietinguisli.  In  the  cycle,  of  growth  of  many 
bacilli  twisted  forms  occur  ;  flagella  and  endos|iores  occur 
in  such  various  forms  that  it  would  lead  to  aii  entirely 
unnatural  grouping  if  the  attempt  were  made  to  found 
a  classilication  that  depended   in  part  upon   the  flagella 

I   or  pndoBporcs, 

The  Buoterium  Fraenkelii  Hashtmnto,  for  which  we  are  inrlebted  to 
tho  kiDdiicaa  lit  the  authors,  miTorCurukl^ly  died  hrrorc  wc  coulil  Mtady 
it.  Upon  sulid  nntrieDt  media  the  organism  luniia  short  ruds  with 
|)olar  floAclU;  apoii  fluid  media,  on  tlie  ootiunr;,  it  [orma  quite  long 
chains  M  oooci  and  ocBwrionall;  saroina  fontis.  Thna  it  connects  the 
OuuOMXnB  with  the  hautcriaL'ee,  iu<  does  the  Mier.  meLiteiisis,  and  allows, 
■H  we  luve  indiuateil  ahnve  in  other  ^samples,  Uiut»truiiuttonusoociir 
■*  growth  fiimis  in  rurci  and  that  tho  pivsiiiice  o(  Uagt^lla  in  ul.so  vari- 
I   able.     (See  Ua^imote,  Z.  II.  zxxi,  85.) 


B.  Systematic  Description  of  the  Most 
Important  Varieties  of  Fission-fungi. 

I  INTRODUCTORY  REMAE^CS  TO  THE  SYSTEM- 
ATIC PART,  ABBREVIATIONS,  ETC 

1.  We  have  dcHi^ribeii  abont  eighty  siHtiet  on  completely  and  ei- 
\  hautitivvly  aa  ponible,  several  hnudnxl  atu  brioflj  deaonbed,  and  tauiiy 
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Tsrietiee  which  we  arc  noi  BcquaiDlcd  wiib  id  detail  w  briefly  referred 
to  in  tlie  ooiinectinD  nhere  ifaer  helong. 

•2.  The  colonics.  stiKUtly  nugniOnl.  vn  tleacrihed  anil  dnin-n  nitb 
doeed  diafAragiu,  oiid  su  pbtcrd  tliat  the  jirHpAiro;p<irfi(ii»  an;  sharply 

3.  For  the  drawings  and  descriptions  i^ire  with  a  medium  number 
of  colonies.  60  lo  100,  were  alHa\^  employed.  Usnaily  the  smaller 
coloniM  were  aelectcd. 

4.  All  statemeiita,  nnleai  otbemiae  qnaliHed.  r^snling  the  gron-th 
upon  icclatin  apply  at  a  temperature  d  22°,  a|«io  agar  at  3T°. 

5.  When  nothing  portitMilar  is  eaid  rrKardin)!;  the  iio\ar  and  consist- 
eikcy  in  the  deecriplion  of  the  agar  streak  culture,  and  of  the  surfaoe 
l^wth  in  the  a^r  atab  culture,  ihcy  are  the  sime  as  upon  the  B^gK 

6.  R(^;ardiiig  the  [umiutiou  ot  pigment,  odoriferous,  gustatlve, 
ftnd  oUier  metabolic  pivdiicts  noiliin^  has  been  eaid  niile^  sptvinl 
luvextigationa  hnve  been  made  upon  the  tame. 

7.  Our  original  porpoae  ut  dvatiu^  exhaustively  the  resistance  of 
all  iinpart«nt  varieties  to  injurious  in6ueiH«s  has  been  almndontd  tm 
beiu^  too  far-reaching.  This  decision  nns  also  pnrlially  depertdcul 
upon  the  fact  that  the  statementa  of  authors  often  deriste  bo  widely. 
Therefun'  we  have  restricted  onrselves  iti  inaking  complete  stuteroenia 
r^BTdiDK  aaoM  Tarielies  (ftlicr.  pyogenes,  StrriM,  pyof^nea,  Btnpt. 
IttDceolatus,  Bao.  anlhrocis,  Bact.  typhi,  CorynrhMit.  dipbtlieri*,  liy- 
oobact.  tubereulceis,  Vibrio  cholerse). 

S.  References  to  the  Ulustrations  In  the  sttu  are  klwajrs 
gi'fm  tliuH :  Plates  with  Arabic  numetnls,  figures  with  Koman. 
Thus,  5,  VIII,  Sicilies  QKuru  Vili  in  Plate  \ 

The  introductory  reiuarks  of  the  separate  aecUous,  ooocaoeR,  hoo- 
IcriaccK,  spirillmieic,  are  also  to  be  heeded. 

Statement  of  the  Terms  Employed   by  Us  in  the 
Description  of  Cultures  of  Bacteria. 


(a)  Thread-like  :    UniforTn   growth   without  anything  cspepiallj 
oharacleristio. 

(n)  Smooth. 
{0)  Kough. 

(ft)  Nodnlnr :  The  slab  oAiial  i^  ticM^t  with  larger  or  smaller  tnber- 
eloi,  points  or  tieth. 

(e)  Hairy  :  The  itob  cnniil  is  bcaet  with  delioite  longer  or  Kborter  on- 
divided  (ipur*.  which  Btr  (n)  mmllel,  (Jjourlwl,  (m  malted. 

(rf)  Bronchml:  The  slab  uaiuil  is  beset  witli  divjdinit  ontftrowtha. 

(c)  BinhImI:  TlieMab  ouialconRiMsot  small  roundish  ornitindaon- 
Moted  oulonif*. 

(/)  Band-like^  OmwtL  oh  u  stiuiU  lioiid,  produced  by  waking  the 
MafaCBUl  with-  ■ 
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2.  Surface  growth: 

Here  the  same  applies  as  to  the  non-liquefying  superficial  colonies  in 
the  plate. 

B.  Liquefying. 

(a)  Fixed  form  of  liquefaction^  if  the  zone  of  liquefaction  following 
the  stah  heoomes  lai*ger,  but  aasumes  substantially  no  other  form  than 
at  the  beginning. 

1.  T^cibe  shaped:  Slowly,  weak,  and  small. 

2.  Stocking  shaped:  Sack-shaped,  rapid,  strongly,  at  times  with 
scalloping  of  the  walls. 

3.  Vesiculated:  Bubbles  are  formed  and  confined  in  the  depth. 
(6)   Variable  form  of  liquefaction. 

I.  Initial  stage: 

1.  Saucer  shaped. 

2.  Funnel  shaped. 

3.  Flattened  funnel  shaped. 
n.  Advanced  stage: 

1.  Cylindrical:  Tlie  liquefaction  extends  more  above  and  soon 
reaches  the  glass,  and  then  extends,  with  a  horizontal  limit- 
ing surface,  downwanl. 

2.  Funnel  shaped:  The  liquefaction  extends  more  uniformly 
from  the  culture.  The  funnel  shape  is  preserved  still  in 
later  stages.  Often  the  second  form  is  succeeded  by  the 
first. 

II.  Streak  Cultures. 

A.  Surface  growth  :  The  same  designations  apply  as  to  the  sur- 
face cultures  upon  plates. 

B.  Water  of  condensation. 

(a)  Clear,  with  or  without  sediment. 

(6)  Cloudy,  with  poorly  defined  sediment. 

(c)  Pellicle  on  surface. 

III.  Bouillon  Cultures. 

A.  Fluid: 

(a)  Clear. 
Cloudy. 
Syrupy,  gelatinous. 

B.  Sediment: 

(a)  Cloudy. 

(6)  Flocculent,  if  upon  shaking  it  rises  as  a  twisted  column,  and 

can  be  homogeneously  distributed. 
(c )  Sandy,  if  it  lies  steadily  at  the  bottom  and,  upon  shaking,  is 

distributed  as  small  fragments. 

IV.  Potato  Cultures. 

The  same  designations  apply  as  to  the  streak  and  plate  cultures. 

V.  Plate  Cultures. 

A.  Without  liquefaction. 

(a)  Form: 
1.  Point-likCy  when  the  dimensions  are  very  sligVit. 


^^^HB^^^^H 
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^B                        2.  Round,  cinrntor.                                                                        

^^H 

^1                        *.  Ovftl. 

^H                        5.  \Mu-lstone  ab^ied,  pointed 

at  Uutli  ends.                               ^^H 

^H                        6.  Cvlnl,  cuiltd. 

^^^H 

^1                  (»)  fJmUcNi.- 

^^^H 

■                      1.  FI>L 

Elrntttd.                           ^^H 

^B                        a.  THl-like. 

Nail-hmd.                          ^^H 

^V                        3.  Wavy. 

S.   DToHike.                           ^^H 

^H                         4.  lt«tioul»ted. 

9.  Oomirorm.                           ^^M 

^B                        S.  Tcmoed. 

^^H 

^K                      (f)   (^ieallKCMlianlso/^rf«ct. 

^^1 

^M                      I.  MoiMly  slih.iiiK,    hi«h«M 

Finelv  gTWIDlBT.                            ^H 

^^B                             Avicnv  III  luBf«r. 

0.  Traiisimn-nt.                        ^^H 

^H                     2.  Orauv. 
^H                   3.  FitlDiJy  sliiniiig. 

7.  Irtilesn'Dt,  ncorlT.               ^^^1 

^B 

».  aiolkf.                      ^^H 

^^^1 

^H                     1.   Vcil-liktv 

StiniY.                                ^^H 

^H                    3.   Ix^theo'. 

7.  Frinhle.                                   ^™ 

^^H                    4.  Ti-iuiuiuuB. 

K.  Battei^lik.'. 

^^1                <t)  Fmiliaritg  of  border,  ctpremllg  rligkttg  wujmified  v-ilh  mifroi-oix  : 

^H                    1.   Eiitltv. 

7.   K««5td. 

^H                    U.   RooRh. 

».  !%urt-)>aiml. 

^^V                    .t.  SiiKxith. 

^^1                     4.   IVnUtf. 

Ht.  Cnrly. 

11.  Mnttol. 

^H                     0.  KtaIIoihiI. 

^H                 (/)   /nfniMl  .(nirfKrr  : 

9.   FiiH-ly  lolxilntol,    tuiiUwrnr- 

lik.-. 

^H                     2.   In  «,..«. 

10.  Owtw  ly  lolmlaled.  ««ly. 

^^B                    3.   ItoiliaJlystriiK-il. 

11.   InT^ilu-ly  epottcd. 

^H                    4.   KMlkllj'  wrli>kl«l. 

fi.  Omihrd. 

^H                    5.  Findydotb-O. 

13.  Cnrly. 

^^H                   II.  (ViorBely  ilnlW. 

H.  Cromlily. 

^^B                  7.  (Irsxaiilnr. 

15.   Muttcd. 

^^^H                  a  Cuareelyi^iiiiibr. 

^^M            h.  With  liquefaction. 

^^fc__{<.l  /b™,- 

^^^^^^HT    1.  S»iiwr-Klin(>Lil  rj^iimwion. 



^^^^^^^^H 

^^^^^^^|mL  Llqnpfinl                 cienr— 

^^^^^M 

^^^^^^H           (a)  With  romivu't  <>ri;£i[iiil 

«>lony.                       ^^^^^^^^B 

1  iHiutograUng.                              ^^^^H 
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Special  Introductory  Remarks  Concerning  the  Coc- 

caceas.    Spherical  Bacteria. 

1.  Since  almost  aM  the  varieties  presented,  with  tlie 
exception  of  the  Micr.  gonorrhoea?,  stain  with  the  ordinary 
anilin  dyes  and  by  Gram's  method,  we  usually  state 
nothing  regarding  the  staining  properties,  except  when 
they  can  not  be  stained  by  Grmu^s  method. 

2.  When  no  mention  is  imide  offlagella  and  spores,  they  are 
absent. 

3.  No  mention  is  made  of  the  intense  stain  with  watery 
solutions  of  anilin  dyes,  which  occurs  with  all  varieties, 
and  a  similar  statement  would  have  to  be  always  repeated. 
It  is  strongly  recommended,  when  it  is  desirable  to  obtain 
the  cement  substance  between  the  bacterial  cells  unstained 
(capsules),  to  employ  a  dilute  aqueous  solution  of  anilin  dyes, 
or  after  staining  with  stronger  solutions  to  employ  dilute 
acetic  acid  as  a  decolorizing  agent,  or  to  use  Gram's 
method.  This  is  obligatory  in  the  case  of  sarcinse  and 
diplococci  in  order  to  render  the  line  of  fission  in  dividing 
cocci  visible,  etc.     (An  exception  is  the  gonococcus.) 

4.  Since  all  varieties  of  the  genus  micrococcus  not  infre- 
quently occur  as  diplococci,  tetrads,  and  short  chains,  we 
have  only  said  anything  regarding  the  grouping  when  there 
is  something  special  to  notice. 

5.  For  an  exhaustive  discussion  upon  suppuration  and 
the  part  played  by  micro-organisms  in  tlie  same,  see  Kurt 
Muller,  C.  B.  xv,  735,  and  Poliakoff,  C.  B.  xviii,  33. 

FAMILY  L—CXXXIACEAR    SPHERICAL 

BACTERIA^ 

Family  diagnoeia  and  genera  sclicme,  sec  XNi^e  123. 

I.  Streptococcus  (Billroth). 

The  cells  divide  only  in  one  direction  of  space  at  ri<rht 
angles  to  the  direction  of  growth,  so  that  if  the  multiply- 
ing cells  remain  attached  to  each  other,  sliorter  or  longer 
rosary-like  chains  are  formed.  Often  the  chain  appears 
to  be  l)e  built  up  from  distinct  pairs.  Chains  are  formed 
with  most  constancy  in  bouillon  ;  upon  gelatin  atvd  ^^^g^x^ 
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as  also  in  the  animal  body,  very  (iften  no  chaine  occur.  It 
it)  therefore  always  desirable  to  prepare  bouilhn  cultures  of 
any  variety  in  which  there  is  a  suspicion  of  a  streptococcus  be- 
fore arriving  at  any  conclusion.  It  is  not  unusual  to  tind 
single  members  in  a  streptococcus  cliain  of  somewhat 
larger  dimensions  than  tlie  rest,  but  otherwise  exactly  re- 
sembling the  other  members  of  the  chain.  It  is,  at  least, 
so  far  not  certain  that  the  cella  contain  arthrospores,  as 
many  authors  believe. 

Key  to  the  Recognition  of  the  Most  Important 
Varieties  of  Streptococci. 


t.  Strings  of  cooci  upon  all  nutrient  iiii'iliu  (nlsu  npoa  those  COD- 
taininj^  l^pe- and  caDe-sugar),  icithovt  thick  capimlet;  at  iiiost,  with 
delicate  cajieules. 

(A)  Do  not  grow  as  a  yellow  "creamy  layer"  npon  sheep-  and 
calf-serum,  a[i<l  microscopicatly  arc  without  wide  ea|Miili.i(. 

(a)  CoDci  sphericitl  or,  when  dividing,  hemispherical,  oapealea  Al- 
most always  absent. 

t.  Gelatin  liqaeSeil  slowly  or  not  at  all.  Cells  O.G  /i  to  1  /i;  long 
or  short  chains  ;  oltcn  thrive  better  anaerobioolly  ;  slight  growth 
on  all  nutrient  Diedia ;  pathogenic  ur  nou-inthogeniu.  Sirept. 
pyogenei  lloHenhacli, '  pa^e  13ii. 

3.  Gelatin  rapidly  liqaefiod  in  tube  form;  cella  very  minute  (0.3  >i 
to  OA  fi);  forms  long  chai nn,  and  grows  poorly  upon  potato, 
agar,  and  »erum.  Aocording  to  EHcliench  (Die  Darnibtik- 
terien  des  Riinglingij,"  Ktiittgurt,  l^tSG,  p.  T7),  it  is  uunstnntly 
present  in  the  fecee  of  oamivora.     Not  pathogenic  for  goineA- 

rigs.      Strept.     ooli     graoUis     Eseherich.       Strepl,    gracilil 
^herioh)  Lchni,  and  Nenm. 
(^)  Oxei  mora  or  less  lance-shopcd,  capmilos  usually  ahaent  in  arti- 
fiaial  media,  but  never  in  animal  body.     l'{>on  gelalJn,  poor  growth 
and  no  liquetaotinn.     Strept.  lanceolatus  Gamnleia,'  page  143. 

(B)  Form  a  yellow  creamy  layer  Dpon  fluid  sheep- aod  calf-eemm. 
Hloroaaopioally  from  these  nutrient  media  they  have  wide  unstAined 
oapaulcs.     Stiept.  involutus  Knrth,  pnge  140, 

II,  Chains  of  corai  upon  giapc-ond  mne-sngar  nutrient  media  with 
Uirak  gelatiiiiiuH  eapsulea,  whioh  may  lie  ten  tiniesas  thick  on  nil  xldes 
■•  tbe  chain  of  i^nooi.     lljion  otbcr  nutrient  me<lia  it  ia  not  diSer- 

'  The  streptocodci  neom  every  exnrt  method  of  division.  That 
sivcii  here,  niiUe  aiipnrciitty  a  <«nvenienl  and  aeoumte  iwhenie  nt 
ilivUloii,  suflera  very  much  in  the  closer  dexcription  of  vorietiva  from 
iwoolinrities,  trniwition  forms,  elc. 

Oniiipore  nlau  Slrepl.  inlniiirllulurlH  ( Weichsplhaum)  Lehm.  a 
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Streptococcus  Pyogenes  fRosenbach'). 

(Plate  ].) 

Synonyms.  ^ — ^Ptrept.  erysipelatoe  Fehleiaen,  Strept, 
puerperalis  Arloing,  Strept.  articuloruai  Flugge,  Strept. 
pyogenw?  maligniiB  Flugge,  Strept.  septicus  Nic,  StrepL 
Bcarlatinnsus  Klein  (compare  also  pp.  140  and  141). 

Ordinary  Names. — Chaiu  cocxius,  string  of  pearls  coc- 
cus. 

Most  Important  L.iterature. — Roseiibach  ("Mikro- 
oi^anismen  hei  den  Wundinfektionakrankheitfn  dee 
Menscben,"  1884).  Fehleisen  ("Aetiologie  dea  Erysi- 
pela,"  Berlin,  1883),  v.  Lingelaheim  (Z.  H.  x,  331  ;  xn, 
308).  Kurth  (A.  G.  A.  vii,  389).  Behring  {C.  B.  xii, 
192).  Knorr  (Z.  H.  xiii,  1893,  427).  Paaquale  ("  Zieg- 
ler's  Beitruge,"  xn,  433, — extensive  list  of  literature). 
Marmorek  ("Wiener  nied.  Wochenschr.,"  1895,1346). 
Koch  and  Petruschky  (Z.  H.  xxui,  477).  Widal  and 
Besanjon  (C.  B.  xx,  240). 

Microscopic  Appearance.— The  characteristic  chain 
growth  presents  itsflf  especially  in  fluid  cultures  (bouil- 
lon). Upon  solid  nutrient  media  and  in  the  animal  body 
the  chains  are  often  very  short  or  the  arrangement  ex- 
tremely irregular  (1,  ix,  *x). 

Upon  close  obaervation  of  fnintl.y  ntained  preporations  (hp  indiTid- 
daU  of  the  chniii  usually  ounniHt  of  two  IietuisplicreM,  whjoh  are  onn- 
neoted  with  caoli  other  and  tlie  adJAOent  member  nt  the  chain  hy  a 
oolorlem  nuua.  Mnre  rarely  deflnite  macoid  capHules  are  bwd  about 
Ihe  ehaioB  (coDipore  Bali^  Z.  K.  XX,  412). 

Staining  Properties. — As  usual  and  well  by  Gram's 
niethrtil. 

Relation  to  Oxygen. — Facultative  anaerobe,  some- 
tiuiee  better  iLnriihically,  sometimes  better  anacrobically. 

Requirements  as  to   Temperature   and   Nutrient 

'  Siiiw  all  eflortB  to  divide  the  fltrcptfli-ncciin  pyofrenes  into  several 

Bhnrply  ditleren tinted  varietira  must  Iw  nfOfriiizHJ  an,  tailiirm.  berause 

oonowtinK  transition  forms   between  the  subvarieties  ooour,   so  WD 

■hall  trait  tli^  variety  aa  a  unit,  and  at  the  end  will  add  BOmeUiiiig 

I   repuiling  its  fomiB. 
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Media. — Growth  rather  slow,  heat  at  37°.     Above  47°  no 
growth  (Arloing). 

They  nlso  ((row  more  slowly  Imt  more  lujuirinntly  upon  feebly  aoid 
nutrient  media  (hydrochloric  ncid,  tarlaric  acid).  Grow  more  slowly 
but  with  greater  vitality  at  23°  than  at  37°.  Especially  good  growth 
occtira  in  exhausted  chulem  or  pyocyaneum  buniUon  either  after  or 
without  filtration  lTurr6,  C,  B.  XVll,  865). 

Gelatin  Plates,  —  (a)  Natural  size:  Very  small,  j 
whitish,  roundish,  Hat,  rarely  slightly  elevated  colonies,  ' 
which  do  not  grow  perceptibly  alt«r  a  longer  time  (1,  v). 

(6)  Magnified Jijiy  limes.  Superfiatd:  Roundish  colonies 
with  smooth  border  (1,  vii  e),  but  may  present  also 
wavy,  Bcalloped,  serrated,  as  well  as  fringed  and  torn 
fomis  (1,  VI  e).  Color  is  gray  to  yellowish,  structure 
delicately  punctate  to  finely  granular,  usually  transparent. 
Deep  lying:  Roundish  to  whetstone-shaped,  rough  or 
smooth  border,  somewhat  more  coarsely  punctate  than  the 
superficial  (1,  vii  i;  vi  i). 

Gelatin  Stab. — Stab:  At  first  thread-shaped  ;  after  a 
short  time  there  appear  numerous  small  nodules  in  tha 
stab  (1,  ii).  Surface  growth  is  like  that  in  the  gelatin 
plate. ' 

Gelatin  Streak. — Narrow,  beautiful,  delicate  growth 
along  the  streak,  beset  at  the  borders  with  little  nodules. 

Agar  Plates. — (a)  Natural  »ize:    As  on  gelatin  plates. 

(h ) Magnified  Jifty  times.  Superficial:  Spherical  colonies 
with  delicately  punctate  edge,  transparent,  grayish -yellow, 
at  first  very  delicately  punctated,  later  (fourteen  days)  at 
times  granular ;  frequently  there  is  a  distinct  appearance 
of  lobulation  (1,  viii  e).  Deep  tying:  Smaller  and  some- 
what darker  (1,  viii  i). 

Glycerin -ascites- agar. — Colonies  distinctly  more  lux- 
uriant. From  the  i>eriphery  of  the  superficial  colonies 
there  often  extend  outward  numerous  shorter  or  longer  coil- 
ing chains,  so  that  the  colony  appears  not  unlike  a  ynung 
anthrax  colony,  Also,  the  granulation  in  the  interior  of 
the  colonies  is  somewhat  more  niarke<l  than  upon  agar. 

'r.iqoefnution,  acoordlnK  to  (iermnn  anthnrs,  is  very  rare. 
mw  the  Sttppt.  pyi>)^ni«  from  hnnuin  aUwHOes  nt  a  t«tiiperatnre  abova 
24°  pruduor  rvKiilarlj  liquFfaction  of  gelstin  which  he   had  so  p  ~ 
ptkred  ortificinlly  that  it  was  lirat  mtlted  at  30°  (C.  B.  XTi,  S38). 


I 
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Agar  Stab. — Stab :  Thr("a<l-like,  later  Bometinies  gran- 
ular (1,  III).  Surface  ifnnrth:  Very  delicate  growth, 
transparent,  gray,  irregular,  uiiiniportant,  Atypically, 
the  growth  may  be  much  more  vigorous,  with  wliitiKh- 
gray  color  and  smooth  wavy  border  (1,  iv).  Similar  also 
on  glycerin  agar. 

Agar  Streak. — As  on  gelatin.  Water  of  condensation : 
Clear  with  slight  whitish  deposit. 

Bouillon  Culture. — Varies  greatly  in  the  different 
fcirma,  from  iliffuee  cloudiness  to  the  formation  of  a  com- 
I»act  sediment  with  clear  fluid  (see  p.  141). 

Milk  Culture— Usually  firmly  coagulated  in  from  four 
to  twenty-four  houra. 

Potato  Culture. — Invisible  growth,  at  times  entirely 
absent,  rarely  more  luxuriant  (compare  p,  141). 

N on- albuminous  Medium. — Faint  growth. 

Vitality. — In  cultures  usually  only  a  few  weeks.  Ac- 
cording to  Petnischky,  cultures  on  gelatin,  grown  for 
forty-eight  hours  at  22",  if  kept  in  an  ice-box  retain  their 
vitality  and  virulence  for  months.  The  Strrpt.  pyogenes 
belongs  among  the  varieties  that  die  quickly.  Bouillon 
cultures,  it  oxygen  is  admitted,  usually  live  only  for  weeks, 
but  in  hydrogen  for  months. 

Resistance  to  Drying. — Vitality  and  virulence  are 
retained  several  months,  especially  in  dried  piie. 

Chemical  Activities.  —  (a)  Chromngenegis :  Almost 
always  without  pigment  production  ;  cultures  were  grown 
bv  kruse  and  Paaquale  in  Italy  with  yellowish-brown  to 
blood-red  pigment.  These  were  highly  virulent,  ehort- 
chained  forms  olitaine<l  from  cases  of  tuberculosis. 

(A)  No  indot.,  little  suipKurfUed  hydrogen. 

(c)  Acid  proditctwn  from  cnrbohydr/de»  in  our  cultures 
was  minimal ;  no  gas  formation. 

A«iwdingt«8ielier4ichomnoCf,  certain  cnltnrea  (Strept.  erynipelatoe 
vid  Strept.  ivarlatiiis)  produce  levorutatory  liictic atiid,  othcra  (Strept. 
pyogCDea)  inaotive  luitic  acid  trom  Rmpe-  and  luilk-HUg&r,  All  cul- 
tures prodnot'.  betnilM,  Bomi!  vnlatil«  fatty  acjdx,  pninonons  alhninnacR, 
Mid  Of  gaiws  only  carbooic  acid,  witb  tbe  exueption  of  the  form  found 
in  scarlatina,  which  also  pmduoee  hydrogen. 

Emmerlin^'H  invottiBntinns  (C.  B.  L,  IV,  'M2)  n-gonlinj;  tliP  diwni- 
pOBiUon  dt  fibrin  liy  Htrepljirocoi  under  uiincrtjbic  i-nudilinns  jpive  the 
reniarkable  result  Uiat  a  aolutioii   of  filiriu  wt 
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(il)  7\jxin  production :  Upon  albuminous  nutrient  media 
streptococci  produce  toxins,  soluhle  in  water  and  precip- 
itated by  alcohol.  To  collect  them  the  cultures  are  kille<I 
with  chloroform  or  filtered  through  i)orcelain,  Lai^e 
doses  of  the  metabolic  products  cause  suppuration  and 
fever,  and  even  death.  This  appears  always  to  be  only 
the  action  of  protein. 

Occurrence. — {«)  Outmth  llie  bod}/ :  In  soil,  canal- 
water,  once  in  a  well  (Landnmnn,  C.  B.  xiv,  431),  in 
the  air  of  operating  rooms,  etc. 

(6)  In  the  hfohht/  body:  In  mouth,  nasal  cavities, 
vagina,  not  rarely  cervix  uteri  ;  at  times,  moreover,  in  a 
virulent  form. 

(e)  In  diseiued  hinuin  nrijankm,:  The  streptococcus  is 
capable  of  causing  a  large  number  of  diseases,  namely,  in- 
flammation and  suppuration  in  all  parte  of  the  body.  It 
causes  esi>ecially  often  the  following  diseases  :  Erysipelas, 
phlegmonous  abscess,*  lymphangitis,  follicular  angina, 
bronchitis,  im]ietigo  contagiosa,  cellular  pneumonia  (Fink- 
ler),  pyemia,  septicemia,  and  puerperal  fever.  More 
rarely,  plcurltis,  pericarditis,  meningitis,  enteritis,*  etc., 
8on]0  cases  of  osteomyelitis,  elephantiasis  nostras  (Sab- 
ouraudj. 

Reoentl;,  EHoliericti  with  hin  impila  has  emphaaized  the  xiKniQatiim 
ti  tbe  BtrepUxxicci  in  the  diiirrheos  of  chililren.  The  funii  vmAtiXeA 
tnttn  mcli  caees  can  not  be  inu^tined  iia  n  nev  Htutrply  ilirfliied  varietj, 
in  hp\U>  of  Hiiuht  (IpriAtiuiiH.  but  liclonKtt  in  the  division  ni  the  Strcpl. 
pyojiienra  or  tanceolattiH.  Eacheriiih,  Di.,  "  Ueber  Stn■pt»kc>kkp^Fn' 
tori(w  im  Sin^liiiKBolU'r."  8«<pAml»Ulrack  ana  Jahrbucli  t.  Kiiuler- 
beUkuDil«,  N,  F.,  Bd.  XLix,  1^98. 

It  is  found  in  the  blood  and  urine  rather  often,  either 
until  or  without  symptmiis  of  a  trenerol  disease. 

The  following  also  certainly  depend  upon  Strept.  pyo- 

*Io  |ih1cirmaiM  and 


In  thu  inntitnto  lot  Infcotinmi  diwn«»  in  Berlin,  Rrck  drwriliod  n 
of  »trept<xsKvn»  inftotion  (intwitinp,  Mnwl,  viam-pul  Ihitt  miiwHl 
h  III  thrpc  dn.vaaiul  pnwntiit  itiiriii)*  ilx  nnirM-  thr  Ivpionl  pirlure 
>ri>tl(i  clwjlr.ni  (C.  H.  xi.  '».>).  Coniiun-  Tnvi-l,  ilr  Cirenville, 
(C  B.  XVlIt,S4T). 


arSEPTOCOCCL'S  PYOGENBLS. 


139 


geneti  iniection :  Some  cases  at  nephritiB,  articular  rheu- 

niutism,  myelitis,  and  infantile  paralysis.     Mannaberg  has 

found  it  in  fourteen  cases  of  Bright's  disease  {C.  B.  v,  93), 

whether  as  primary  cause  is  questional  ile. 

I       The  streptococcue  plays  an  important  rdle  in  diphtheria, 

I  scarlatina,  and  phthiaiB.     It  aceompaniea  the  speci6c  cause 

7  of  disease,  and  markedly  influences  the  disease-picture, 

I  especially  the  course  of  the  fever  (hectic  fever  is  etrepto- 

COCCU3  fever)  (Petruschky,  Z.  H.  xvii,  59). 

(d)  Inammala:  As  the  cause  of  similar  diseases  (com- 
pare, tor  example,  Strept.  equi,  p.  142). 
I       In  the  vaccine  of  cow-pox  institutes  it  is  not  uncommon, 
I    but  usually  possesses  little  virulence. 

Experimental  Observations  Regarding  Pathogenic 
Action. — With  hving  cultures.      The   virulence   fluctu- 
ates greatly;  even  freshly  isolated  oi^anisma  may  be  very 
faintly  virulent,  and  virulence  for  experimental  animals 
I  does  not  prove  virulence  for  man  ;  with  cultivation  upon 
I  Uie  ordinary  nutrient  media  the  virulence  is  rapidly  lost. 
I  By  repeated   transmission  through  animals,    a  virulence 
I  which  was  high  at  first  may  bo  much  intensified.     Mar- 
I  morek  obtained  cultures  of  such  virulence  that  ^^  c.nim. 
IkiUed  almost  all,  and   j^^^u  c.mm.    some,  mice  when 
Lgiven  subcutaneously — L  e.,  quantities  that  contain  only 
r  relatively  few  germs. 

The  virulence  is  well  preserved,  according  to  Mannorek, 

upon  f  1 )  two  parts  of  human  or  horae  serum  and  one  part 

of  liouillon  ;  (2)  one  pari  of  fluid  from  ascites  or  pleural 

.  exudate  and  two  parts  of  houillon,  even  after  keeping  two 

L  months  in  the  incubator  without  transfer  to  fresh  nutrient 

I  meilia. 

In  general  the  most  susceptible  to  the  streptococcus 
imong  animals  are  mice  and  rabbits;  much  less,  dogs  and 
ats  (Pimsini).  Streptococci  are  still  tietter  tolerated  by 
fiheep  nnd  goats,  and  best  by  the  horse  and  ass. 
I  Knorr  has  ascertained  the  following  principal  points  re- 
rgarrling  the  virulence  :  By  repeated  transmission  through 
■  mice  an  organism  is  obtained  which  is  very  pathogenic  for 
{nice,  but  at  the  same  time  its  virulence  for  rabbits  was 
idually  hist.  This  is  a  strong  indication  that  one  must 
I  Jimiid  11111/  x^H^clts  upon  a  sjtedjk  virulence.     The  more 
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virulent  a  form  ia  for  a  variety  of  animal,  the  more  cer- 
tainly it  kills  nithout  suppuration,  the  latter  being  caused 
only  by  feebly  virulent  forms. 

Almost  all  the  diseases  eiiumeriit<!d  above  may  be  pro- 
duced experimentally  in  animals ;  the  result  in  experi- 
mental animals  depends  very  lai^ely  ujwn  tlie  virulence 
and  amount  of  infectious  material. 

Also  in  man  streptticoeci  have  been  successfully  inocu- 
lated (erysipelas,  phlegmon), 

Immunity  and  Immuniiation.—U  an  aniitial  resists  an  injection 
at  Ihe  inetaboUc  pnxInoW,  and  has  nlb^r  a  time  recovered  tnini  the 
oonseontive  cdoheitia  and  l(iaa  of  weight,  then  the  dose  may  lie  increasMl 
»nd  jtradunllj-  a  liigli  de^trte  of  ininionitj  be  ohtMned,  Yet  the  state- 
inenbi  ut  Murmorek  arc  contested,  when  he  claims  t^t  horxes  and  a^ees 
may  Ihiumpply  a  senini  nbich  cures  honuiD  sepaiB  ( Petmschky, 
SoheiikV  At  any  rate  it  lias  been  shown,  according  to  the  invrMJga- 
tiOQE  of  Denys  and  hia  pupils  (C.  B.  xxiv,  68.^),  that  the  individual 
varieties  of  Btreptocoooi  yield  a  semni  that  is  Active  only  against  the 
particnlar  variety  muployed  in  prodnuing  the  immunity  ;  thiw  alsQ 
animals,  in  order  to  yield  semm  of  therapeutic  valne,  are  to  he  treated 
with  the  most  variable  ciiltares  possible  of  streptococci  ("polyvalent 
Henim  "].  Kegarding  the  way  iu  which  the  seniin  acta,  cum|jnre  page 
97. 

Special  Methods  for  DemonBtration. — Microscopic 
form  and  staining  by  Gram's  method;  agsir  plate  in  incu- 
bator; bouillon  culture  to  obtain  chains;  animal  inves- 
tigation (mouse). 

Forms  and  Subvarleties  of  the  Strept.  Pyogenes. 

All  efforts  of  authors  to  characterize  sharply  the  forme 
of  the  Strept,  pyogenes  as  varieties,  sub  varieties,  or 
species,  and  to  cover  them  with  names  are  to  l>e  considered 
as  failures.  Countless  transition  forms  and  the  enormous 
variability  of  all  the  properties  make  every  classification 
appear  insufficient.  Even  the  separation  from  the  Strept. 
lanceolatus  is  not  always  possible.  Pasqiiale  (Ziegler's 
Beitriigc,  XII,  433),  Irf'moine  (H.  R.,  1896,  892),  Widal 
and  Besanpjn  (H.  R.,  189(5,  !)9fi),  and  Petruschky  (H.  R., 
1897,  772)  have  all  come  to  analogous  results  from  their 
minute  studies. 

Betiring  and  his  pupil  v.  Lingelsheim  arrived  at  the 
following  useful'  division: 

'  TUere  are  toand  by  niany  onthorH  a  "Hlrept,  brevis"  withoat 
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(a)  In  bouillon  forai  short,  slightly  tortuous  chains; 
bouillon  cloudy;  gelatin  is  very  slightly  liquefied;  signifi- 

'  cant  growth  u|>on  potato;  growth  even  at  10°  to  12°. 
Virulence  usually  absent.  Strept.  brevis  v.  Lingeb- 
heim. 

(6)  In  bouillon  the  streptococci  form  very  tortuous, 
long  chains  (forty  and  more  members),  which  nmkc  up  a 
Hocculent  or  slimy  aedinient,  leaviitg  the  bouillon  cleur. 

I  Gt^latin  always  remains  solid;  visible  growth  on  potato  is 
absent,  virulence  ia  usually  great.  No  growth  below  14° 
to  16°.     Strept.  longus  v,  Lingelsheiui. 

The  Bahdivisiun  ot  the  KtrepL  lunffOH  into  the  riiltowiim;  varieties 
(Behring)  has  nuw  only  a  historical  interest,  since  according  to 
Behrinjc's  pupil,  Kmirr.  the  ohnraoterJHtice  nt  thcne  subvarie(ii»,  upon 
Trpratrd  cullarex,  are  variable,  aiid  so  the  iduntity  of  these  aulivarietiea 
can  be  demonstmted :  (1}  Turbidus,  with  turbid  bouillon  culture; 
I'i)  viscosuB,  witb  clear  booillori  culture  aad  delimto  Hediuient; 
(3)  coDgloineratus,  with  clear  bouillon  and  granular  sediment. 
The  sanie  was  also  tonnd  by  Kmae  and  I'asqnale  (Zie^ler's  Beitl^ge, 
XII.  1893,  43.31.  Interesting'  bat  uiimtiHlactory  in  alno  Pasqnale's  al^ 
tempt  at  a  olamidcatioit  of  streptococci  (C.  B.  xv,  761 ),  Alao  Bii)i&t 
(■me  to  little  sharp  differentiation;  for  him,  as  for  us,  all  forma  (in- 
cluding the  8trept.  Isnoeolatns)  are  connected  by  tmnsitioD  forms. 

The  finding  of  Waldv(jj{el  are  interestiug.  Threu  times  he  oh- 
taiuMl,  after  inocnlation  with  Strept.  Inngus  (the  bouillon  remaineil 
clenr  and  there  was  an  insiju:ni6Eantj^nubu' sediment),  from  the  heart's 
blood  of  the  inoculated  mouse  an  or^niHm  form iiu;  chains  with  fmm 
fonr  to  iHx  members,  and  causing  a  diffutw  clondineas  of  Ixiuillon, 
Upon  potato  both  forms  grew  equally  poorly.  Ky  growth  in  strongly 
alkaline  boaillcn  the  long  chain  form  could  be  tian.ttoruied  into  one 
producing  a  sli.jht  diffuse  oloudinese;  and  by  growtli  in  almost  neutral 
boaillon  of  the  form  producinR  turbidity  a  race  was  again  obtained 
which  prodnced  no  fiocouli  in  olear  fluid  and  formed  luug  chains. 

After  such  experiences  more  recent  authors  do  not  make 

a  division  of  the  Strept.  pyogenes  into  diffcrL-nt  forms,  and 

prefer  to  designate  the  forms  described  by  thorn  us  Strept. 

I  pyogenes,  the  form  being  described  in  a  few  words,     tt'e 

I  aiao  believe  this  to  be  right.     Compare  also  Zenoni,  C.  B. 

I  XXI,  10,  and  the  interesting  studies  of  Seitz  coDceming 

_  ktin  liquefaction,  and  a  Strept.  longus  with  slight  liquefaction; 
I  »lso  oacawonally  a  Strept.  longus  with  a  visible  and  a  Strept.  brevis 
I  iritiioot  a  growth  on  potato.  Marignao  and  d'Espine  found  Strept. 
}   brevis  which   formed   H»)iuic>.nts   in  iKiuillon  and  did  not  cloud   it. 

wbaix  proved  complete  independence  of  the  length  of  the  clutins 

d  palbogenic  ijuatity. 
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maststreptococci  (Strept.  aggregatus  Seitz  ;  C.  B.  xx, 

854)  from  thi;  nioutli,  wlik'h  with  lljeir  very  miirkiHl  vari- 
ability still  always  lielong  in  the  group  of  the  Strept.  pyo- 
genes. 


Streptococcus  equi  (Kitti-     Drusestreptococcus 

(Schutz). 

All  the  morpholafcio  oharactcrjtitics  a^tw  throughout  with  the 
Strept.  pyngenc*,  also  the  pathag«niu  elTeut  HuirtiintceHB  in  it.  Itatnilx 
conoemiiig  it  hy  Cappclletti  and  Vivaldi  (A.  H.  xxxiv,  1).  Also 
in  horses,  bb  in  mnn,  strepbjomxi  canse  pneutuoiiias,  the  or^nisms 
rmemhling  flumctiniw  the  Strept  pyogenes,  more  often  tbi'  t^trept. 
UuceolatUB  |conipiu«  Lignifars-AI/ort,  C.  B.  xsii,  7ffi).  "  Druse  " 
(French  "  gommif")  isnn  iofliunniatioa  of  the  upper  Air  pn»iii^;es  in 
horses,  with  iiiflsntniiilury  disease  of  tlie  uiljaoent  Iynip)i~gliui(l»i.  in 
which  not  rarely  abauiswH  forni.  The  differentiation  between  glanders 
and  this  disease  is  wisy  by  micrasoopic  exaiuiuation  and  the  positive 
reeults  ot  inoculation  of  house  mice  <,SchUtx,  C.  B.  v,  44). 


Streptococcus  agalactlie  (Adametz)  —  Strept.  mastj- 

tldis  sporadicie  Quill..  Strept.  mast,  epidemicffi 

Quill.,  Qaltcoccus. 

Morphologically  Hometimes a sliort,  8onietiinesalon)^)tnineiil Strept. 
pyngciiEV.  CuRHe  ot  the  "  grlbc  Oall,"  a  epuriMbo  or  epidemic  inflimi- 
Riatkin  o(  the  ndderotwiwsanilgiiate.  The  milk  buooiiimvi-ryiiuanty. 
yellowish,  beset  with  fluoculetit  coaftuia  and  ofti;n  (nts-bubhles.  Tlie 
fortn  prodacing  long  chains  ia  more  virulent  than  the  one  <ic(.-urring  in 
abort  ohaina.  Iti«  impiirlant  tlmt  many  cultures  break  U]iki»|m--  lUtA 
roilk-augar  eneqieticslly  with  giis-tormatiou,  aooordint;  l«  NciH-ki,  ea- 
pccially  with  the  formation  of  dextrurotatmy  pantlaotio  acid  and  ear- 
Donioacid  (no  hj'drngen).  tiaces  of  btty  acids,  luid  alouhol.  TliiKfer- 
meiitation  ot  the  milk  cauKit  a  low  grade  at  cheese  (inflated  cheese). 
The  virulence  and  ability  to  eaune  fermeiilAtion  vary  in  thia  oritanLtni 
veryinnoh.  (Compare Adauietx,  ** Milchxeituiig,"  1893, andZsohokke, 
C  k  3txii,  W4.( 

The  Micr.  acidi  patalactici  Nenoki  {C.  B.  VII,  130)  and  Strept. 
■cidi  lactici  I! roteiifeldt  ("Fortwhrittc  df>r  Mnlixin,"  Vii,  1SI)  ap- 
pmrlobcMosely  rclntrd;  the  latter  formn  no  gas  and  thrivi«  especially 
nnaeruhiiwlly.  Alaosimilarly  thv  Micr.  Somthalii  Adauietz  (C.  B.  i^ 
1,  48S),  Hn  urgniiism  (ermentinic  nitik  with  intcnw-  prodnution  of  jcnn 
(CO.  and  H )  and  musing  inltntion  of  cheese,  which  in  its  onltural  be- 
bavl<  ... 
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coocj,  prererHdg  acid  natrieot  media,  whioh  vtom  obtained  from  tlie 
huninn  viif;iiia. 

Not  at  all  characteriatic  are  the  specica  also  [aolatad  Trom  chivtw  by 
Ilenrici,  whicli  were  not  examined  as  to  their  eSecte  u|ioii  augjir,  milk, 
potatii,  and  ucimaU  (A.  E.  li.,Hitrt  i,  l);and  Strept.  tyrogenus,  albi- 
dua,  magnus.granuUiuB,  polIcnB,  pallidas,  Hentici,'  which  aieonly 
differentiated  by  chamctenstiis  that  are  not  very  prononnued  and  uro 
still  tu  lie  Ur»teA  as  to  their  constiuicy  (more  or  lesB  grauiilation  in 
the  plate  cultunm,  oharact^r  uf  ctoiidineHe  in  bonillon,  slightly 
diOervnt  adaptability  to  aerobic  and  anaerobic  lite).  The  Strept. 
■tramineus  Henrioi,  which  grows  as  a  atraw-yellow,  abining  deposit, 
appears  to  differ  more  strongly. 

Streptococcus  lanceolatus^  (Gamaleia).     (A.  P.,  1888, 
ii.  4400 
(Plate  3.) 

Synonyms. — Diplococcus  pneumoniEe  A,  Friiiikal  and 
Weichselbiiiim,  Dipl.  of  s[)iituin  eeptircmiu  A.  FriiiikeJ, 
Meningococcus  Foft,  Pneiimococcus  FoA,  Uipl.  lanceolatus 
Bive  lanceolatus  capsuIatuH  Foil  and  Bordiini-Uffreduzzi, 
Bact,  pneumoniic  Migula,  Micr.  pyogenes  tenuis  RoeenbacJi 
tC.  B.  vir,  177). 

Ordinary  Names. — Capsule  coccus  gf  pneumonia, 
pneumococcus,  Frankers  pneumonia  coccuh. 

LUrratuTt. — Exhanstive  critical  studies  by  Krase  and  Pansini 
(Z.  H.  XI,  279),  LevT  and  Sl^ininetK  (Arch.  enji.  Path.,  13M,  89). 
Literatnre  by  S.-hnb!ul  iC.  B.  XIX.  »91}. 

Microscopic  Appearance. — Arranged  usually  in  pairs 
or  chains  nf  [ruiu  tunr  to  six  memberB,  roundish  or — what 
18  especially  chaiaclrristic — lancet-shaped  (2,  x).  When 
ohtojiied  from  the  animal  body  or  when  cuKivated  upon 
sterilized  sputum  and  tracheal  mucus,  or  in  fluid  rabbit's 
serum,  it  usually  presents  a  significant  capsule,  which  may 
be  stained  (p.  22,  Fig.  5)  (2,  ix). 

'  Here  also  belongs  the  Strepi.  cinereuB  Zimmermann  (Bd.  ii,  64), 
obtained  from  tap-water,  which  is  said  to  present  somewhat  mure 
prumincnt  onltiires  on  gelatin  plat«fl- 

•  Sinoe  the  name  Strept.  pnenmonis  to  applied  by  Weichselhaum  to 
■  Strept.  pyogentfi  from  cases  of  pneumonia,  it  would  lead  to  con- 
fnsion  if,  following  the  rules  of  strictly  botanical  nomenclature,  the 
Sipl.  pnenmoniro  was  ri'named  simply  tlie  fStrept.  pQeDTuonia;,  On 
the  oontrary,  the  lume  Slrept.  laiicvolutua  is  also  vtry  old  (1888), 
dtiaraol«ristic,  and  oiuuistakiLbk-. 
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Often  single  meniViers  present  larger  dimensionB  and  the 
form  of  a  club — i.  f.,  to  a  large  sphere  is  attached  a  small, 
tliin  neck-piece.  These  are  not,  however,  resting  forma. 
(Compare  Stolz,  C.  B.  xxiv,  337.) 

According  to  Kruae  and  Paiisini  and  our  own  investiga- 
tions, all  trausitions  up  to  the  Strept.  pyogenes  occur,  so 
far  as  concerns  the  form  of  individuals  and  the  etructuni 
of  chains.  (Compare  also  Binaghi,  "  Ueber  einen  Strept. 
capaulatus,"  C.  B.  xxii,  273.) 

Relation  to  Oxygen. — Facultative  anaerobe 

Intensity  of  Growth. — Grows  fairly  rapidly  but  not 
luxuriantly  at  37°.  At  ordinary  temperature  (22*)  very 
slowly,  iitiil  more  often  not  at  all. 

Gelatin  Plates. — («)  Natural »'ae.  Siiper/icial:  Round- 
ish, dim,  diffusely  gray,  traiigparcint  colonies,  which  after 
four  days  have  attained  a  diameter  of  from  1  mm.  to  2  mm. 
Deep:  Very  small,  roundish,  whitish-gray  (2,  v). 

(6)  Magnified  seventi/  timet.  Superfidai:  Circular  or 
roundish  colonics  with  aintost  smooth  border,  colorleBs, 
and  lielicaK^ly  granular.  They  are  often  so  delicate  that 
with  the  nurniwest  liiajihnigm  the  periphery  caa  hardly 
be  differentiated  from  the  suFrounding  medium  (2,  vui,  e)- 
Deep:  Round,  sharply  outlined,  slightly  more  granular 
(2,  vm,  i). 

Gelatin  Stab  Culture.— .St/t£ .-  At  first  thread-like,  later 
resi^inblinn  a  string  of  (jeiirls;  growth  faint.  Superficial 
growth :  Minimal,  almost  none  (2,  i).    No  liquefaction. ' 

Agar  Plates. — (a)  SaLitrcd  Mze:    Like  gelatin  plates 

(6)  M'liimfifd  fifiii  tiines.  Superficial:  Roundish,  almost 
Bvuii  lionUr,  at  times  sumewhat  fringed,  delicately 
punctatv,  a  little  more  compact  than  the  gelatin  culture, 
colorless,  [lerfcctly  Inmsparwil  (2.  vi).  Deep:  Roundish 
or  wh<?tstoin-s]iaj)ed,  almost  even-bordered,  opaque,  gray 
to  gray inb- black,  more  coarsely  punctate  than  the  super- 
(irfal  (2.  VII). 

Agar  Stab.Stab:  Thread-like,  whitish-gray  (2.  iii). 
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mS'i-rfnre  ffrowlh:   Very   delicate,  transparent  growth,   with 
■  evirii  bor<UT,  faintly  glistening  {2,  rv). 

Agar  Streak. — Extremely  delicate,  transparent,  gray- 
sh-white,  faintly  glistening,  often  not  sharply  outlined 
from  the  agar.  Water  of  condensation  clear,  with  very 
little  whitish  sediment  (2,  ii). 

Serum  Culture. — 81iiny,    almost  transparent  growth. 

Ascites -glycerin- agar.  —  More     luxuriant     cultures. 

Those  lying  superficially  are  usually  even-bordered,  the 

periphery  somewhat  padded,  and  thron^huut  (especially 

in  old  colonies)  coarsely  punctat<«l  to  nml berry-like.    Tliey 

I  then  resemble  old  gonorrhea  cultures  or  at  limes  even  very 

I  young  agar  cultures  of  the  colon  bacillus. 

'      Bouillon  Culture. — Short,   straight  chains  ;  sediment 

lig>it  and  not  holding  together  (Kiirth). 

Milk  Culture. — Slilk  coagulated.     Tliis  property,  ac- 
cording to  Kruse  and  Pansini,  is  very  rarely  absent     In 
the  tnilk  small  amoiiEits  of  acid  are  formed. 
Potato  Culture. — .V')  ip-mrlh. 

Vitality  in  Cultures. — Very  short  duration  of  life 
(often  only  a  fi,-iv  days),  and  even  a  more  rapid  lessening 
of  virulence.  In  iHiuilluii  occurs  the  most  luxuriant  growth, 
but  it  is  least  durable. 

Resistance  to  Drying. — In   dried   blood   as  long  as 

forty-five  days;  in  dried  sputum  as  long  as  one  hundred 

.and  twenty  to  one  hundred  and  forty  days  in  diffuse  light, 

and  nine  to  twelve  hours  in  direct  sunlight.     Literature, 

Germano,  Z.  H,  xxvi,  GG. 

I        Chemical  Activities. — Fawitzky  isolated   three   cul- 

L  tures,   whirh  were  able  to  produce  a  brick-red   pigment 

I  (best   in  bimillon)-     (Compare  Strept.  pyogenes.)     Fil- 

'  tcred  and   devitalized  unfiltercd  cultures  contain  toxins, 

but  in  rehilively  small  amount.     In  other  respects  it  is 

like  the  Strept.  pyt^nes. 

Occurrence. — (n)  Outside  the  organism  ;    Not  found, 
(ft)  In  healthy  organisms  :  Often  in  saliva. 
(c)  In  diseased  human  organism  :  One  of  the  most  im- 
Ij^ortant  pathogenic  varieties,    la  the  most  various  inflamma- 
tory processes,  especially  such  as  attack  mucous  and  serous 
nemnranes,  also  not   iTifrequentlv  causing  suppuration. 
"      cially  frequent  as  the  cause  o(  croupous  and  catarrhal 
10 
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pneumonia,  pleuritis,  pericarditis,  endocarclitis,  peritonitiB, 
otitis,  meningitis,  conjunctivitis,  and  ulcus  serpens  comes. 
More  rarely  as  the  cause  of  nephritis  and  perinephritiB, 
metritis,  pyosalpinx,  strumitis,  parotitis,  amygdulitis, 
arthritis, '  osteomyelitis,  periostitis,  abscesses,  and  general 
sepsis.  It  may  also  cause  erysipelas  (Schiirmayer,  C.  B. 
XXIII,  183).  In  many  of  these  diseases  the  organism  is 
found  not  only  locally,  but  also  in  the  blood.  Very  often 
other  exciters  of  inSammation  accompany  and  aid  the 
Strept.  lanceolatUB,  which  is  always  more  difficult  to  cui* 
tivate,  so  that  if  ordinary  agar  is  employed  for  cultures, 
staphylococci,  etc.,  may  alont!  be  observed.  Therefore 
ascites-agar  and  similar  media  are  to  be  preferred.  The 
Strept.  lanceolatus  escapes  from  the  diseased  person  in  the 
milk  and  urine. 

Rf^W^ing  the  pBrtk-ipotion  ol  the  Strept.  liuiceolnttie  in  cerebro- 
spinal meniiigitia,  Bee  under  Strept.  intmcellntoris,  page  148. 

Marchoa^i  (A.  r.  XHi,  193)  repeatedly  fonnd  inraldiei^ns  a  sequel 
to  pneumonia,  a  t^mleiicy  to  fdecp  ("BcliWsueht,"  tnaladie  dii  lom- 
tneil),  and  npou  section  there  ^ere  ehanfK^  in  the  rerehraspLnal  uieni- 
hranes  with  the  Strept.  laneeolatus  prreent. 

Experimental  Observations  Concerning  Patho- 
genic Effects.^ — ("J  In  animals:  Of  animals,  the  rabbit 
and  mouse  are  especially  susceptible,  the  rat  less  so,  and 
guinea-pigs,  sheep,  dogs,  and  birds  almost  not  at  all. 

The  monee  dies  in  from  twelve  to  twenty-tonr  fiouraa/tersaboubui- 
eoufl  infection  of  septieoniiii;  eplcen  enlarged,  eyelids  glued  togetlier. 
Id  the  hlood  are  larg:e  niinibrn>  of  diplococci.  In  mice  pneumonia 
aim  can  be  produced  by  inhalation.  Likenitie  in  rabbits  fieptiocaiia 
with  fever  and  swelling  of  the  spleen  foUows  sobrutaneons  and  more 
rapidly  intravenous  inoculation  with  strongly  vinilentculturei';  death 
foUowB  in  forty-eight,  tweoty-fonr,  twelve,  or  even  8ve  honra.  At- 
tennnt«d  culture*  eanse.  according  to  the  point  of  iuocnlation,  pneu- 
monia,  plcnritis,   peritonitis,   etc.     Honl  eepet^lally  recotnuietids  tor 

'  Here  also  belongs  the  excitunt  of  chronic  deforming  inflamma- 
tion of  joints,  described  by  v.  Dungem  and  Schneider  (Munch,  nied. 
Woohenschr.,  1898,  No.  43.  1360). 

*  The  virulence  is  exceetlingly  variable  and  in  tile  amtal  culture*  it 
is  rapidly  lost.  For  the  preservation  o(  the  vinilence  of  the  Strept. 
IaiK>eolatns  ilnring  about  two  montlis  it  was  ruMinimended.  for  ex- 
ample, by  Bonloni-l'ffredozzi  to  dry  upon  glnai  the  i>lood  i^  mbbitt 
wliicli  tlie  infection  had  killed.  FoApIiinwsnch  blond  tor  twenly-lonr 
bout*  in  the  inoubatur,  and  then  prenervea  it  in  the  cold. 
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IB  and  lor  demonslrstion  purposes  the  BDlwatKneona  injection 
of  apntnm  in  the  rahbit's  ear;  (iemth  fiilluwH  oiter  two  to  five  duya, 
and  the  bacteria  ore  rimiul  espcciully  noiucruus  and  with  typical  cap- 
snles  in  the  edematous  fluid,  whicli  is  obtained  by  tnouioa  of  the 
doogh;  infillration  over  the  lower  jnw  (C.  B.  XXIIl,  OT4). 

(6)  In.  man:  Subcutaneous  injection  of  from  0.1  to 
0.2  c.c.  of  vindnU  culture  in  seven  men  was  without 
important  effect  except  local  symptoma,  some  fever,  and 
headache. 

Immunity  and  Immunization. — Mennes,  whose  care- 
ful work  (Z.  H.  XXV,  413)  should  be  consulted  iu  the  origi- 
nal, has  recently  obtained  fairly  active  pnttective  serum. 
The  action  of  the  SLTum  consisted  in  this,  that  it  renders 
the  leukocytes  of  normal  animals  capable  of  devouring  the 
Strept.  lanceolatus  (phagocytosis).  Encouraged  hy  tlie 
investigations  upon  animals  (Emmerich  and  Fawitzky, 
Foi,  Kleraperer),  curative  injections  of  the  metabolic  prod- 
ucts and  the  serum  of  immunized  animals  have  been 
tried  also  upon  man,  but  so  far  without  indispulalile  prac- 
tical results. 

Special  Culture  Methods. — The  Strept.  lanceolatus  is 
most  easily  obtained  by  inoculating  a  mouse  or  rabbit 
with  fresh  rusty  sputum  from  croufious  pneumonia,  and 
making  cultures  from  the  heart's  blood  of  tlie  dead  animal 
upon  ascites-agar  plates.  It  is  also  often  easily  obtained 
from  an  eye  with  ulcus  serpens  coraeie  by  the  preparation 
of  streak  or  plate  cultures  upon  ascites-agar,  and  placing 
them  in  the  incubator. 

Forms  and  Subvarieties  of  the  Strept.  lanceolatus. 

We  must  frankly  admit  that  a  sharp  sepiiration  of  the 
Strept.  pyogenes  from  the  Strept.  lanceolatus  seems  to  us, 
us  to  many  authors,  to  be  impossible,  if  the  typical  form 
of  the  Strept.  lanceolatus  is  to  be  determined  by  capsules, 
lancet-shaped  individuals,  and  a  tendency  to  form  only 
very  short  chains.  Many  investigators  who  have  espe- 
cially studied  the  Strept.  lanceolatus  have  tried  to  set  up 
definite  forms,  which  can  scarcely  be  identified  subsi!- 
quently.  Almost  all  of  these  divisions  have  consisted  of 
flomewhat  differently  defined  varieties,  as  is  the  caae  with 
the  Strept.  pyogeues.   (Compare  Kruseand  Paueini,  Z.  il. 
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XI,  279;  Punsini,  Virohow's  Ardiiv,  cxxii,  424;  Banti, 
C.  B.  IX,  275;  Foi.) 


Streptococcus  intracellularis.    (^Weichselbaum.) 
Lehm.  and  Neum. 

(Plate  (JM,  111,  IV.) 

JSynimjnn. — Diploonocns  intraeellnlariH  meninfittidis  WeictiselbBnm. 

Lileralurr.—Ja^t  (Z.  H.  XIX,  351);  Woiohselbonm  ( "  Forlachritto 
der  Medizin."  1887,  V,  673).  KcornC  literatnre  is  oompreheusively 
rpviewed  hy  Kamcn  (C.  B.  xxiv,  546);  in  the  latter  place  (M  al«o  in 
the  BTtkile  by  JaKcr)  are  fiiuncl  illnstrations. 

While  a  number  of  authorn — Fo-r  cxnniplo,  liardoni-USreduziri  and 
FoA;  PaniJnski  (C.  B.  xviii,  e51);Henke(C.  B.  xxli,  59)— have  found 
thoStrept  lance(ilatast»bp  the  cau-so  of  cerebrospinal  meningitis,  and 
olhere — tor  example,  Bonouie — haTe  found  tiie  Sttept.  meningitidis 
Bonume,  wlliuh  ia  closely  related  to  the  Strepl.  pynffenes,  to  be  the 
Dtmae,  still  other  authors,  and  especUlly  Juger,  hare  ileacrib«t  as  the 
exciting  a^nt,  an  oi^^tiism  which  is  indeed  nery  cloKelg  rtiiUcd  to  the 
SIrrpt.  lanavlotvH,  but  which,  it  is  mid,  can  be  clearly  Bepnmted  from 
it.  The  atBtementa  of  different  authors  diverge  very  widely  aa  re- 
I0aia  details. 

The  onltores  ore  often  indistinguiHhahlRniorpholcifticnlly  from  the 
Strept.  lanceolatns,  but  they  remain  alii*c  ond  cnpohle  ortransplanla- 
tion  for  a  loiij^r  lime  (s(?venteen  to  forty-three  dayn).  Some  authors 
fband  growth  to  nocnr  npon  potato  ;  many  obtained  even  strikingly 
laxnriaul,  moist,  yellowish-graj  cnltoren  npon  (tlyoerin-Bifar,  reseni- 
blinft  thu  Micr.  tetroKcDus  (G8,  iii  and  ivl  (Mayer,  Miineh.  med. 
Woohwwchr.,  IfttW,  1111),  an*l  we  reoeival  siicji  oiiltunw  from  Jiiger 
tn  Dwemhm-,  IHSKI.  C.  FrSnkel  oultivat«l,  on  the  contmrj".  an  ex- 
AMdlnfdy  delicate  growth,  which  -only  grew  with  ccTtainty  upon  Bg*r 
•nwHed  with  hlood.     Such  a  onltnre  we  obtained  from  Kt^. 

The  following  points  lire  otaertvd  to  be  of  diagnostic  value:  The 
■KySniBtiis,  miut'tinics  as  diplucooci  and  tetrads,  Hometimes  as  Hhort 
olwins,  lie  oftentimes  in  groups  tn'Miit  V>i!piai-TfUt,npfeially^iateUkiit 
tit  tcU  nurlti.  Thry  possess  mnro  or  Iras  distinct  oapsnlvH.  Aotnrd- 
Ing  tn  the  brantitiil  inveetigatious  al  v.  Hiblcr,  the  raoet  variable  patli- 
<imnk<  cucv)  aiiil  hooilli  arc  found  In  the  dcIK  so  that  this  property  is 
not  at  alt  oliaractcristio  (C.  B,  Xtx,  3-tl.  In  fimearsfrom  the  pus  and 
tlvin  oultnrDS,  thc^r  »m«timai  stai  d  well  by  Oram's  method,  but  more 
oTten  poorly,  and  in  Motions  arc  not  stnineil  (allrtml  cnntnist  to  the 
Sbvpl.  nyogf  ni«  and  lannwlatusl.  In  the  clinin  fonn  of  the  organism 
il  i«  «M  to  Ik>  ohamctcristio  { Jiigerl  llutt  the  indiridnnls  are  so  ar- 
nnnl  that  Ihs  linn  sPinrating  the  diplocncci  extends  in  the  dirc«liun 
of  tbe  ahaJn.  Hut  as  Ktuli  has  iwinled  cut,  exnotly  similar  piotnrea 
I  otear  ta  tj-pical  l4tr»pt.  Innn'olAtuH  and  Sirept.  pyogenes  (C.  B.  xxrv, 
t  337).  Wo  found  such  piotiires  rxnuiHttclv  nhowu  in  a  stnpluoooenfi 
mwriBK  In  *  I'utrid  mixlurt-.  With  U)is  itiHr  of  aftiira  il  in  difflcnlt 
1   loeotwder  the  Btrrpt.  InlniocllulAriitnBiiiglenrganiBm.Binoe  the  forms 
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whiA  ftt  times  resemble  the  Micr.  cntiorrhaMc,  at  times  the  Strept. 
Iiknccolutns  and  pjoKenes,  and  at  tlDiui  the  Micr.  tetrn^nus  look  a 
coiiinion  chnra'  U-ristia. ' 

Tlie  organimi  ia  aaid  to  be  [uiiitrl  only  in  the  meningeal  pus,  nanl 
mncns,  sputum,  and  arine  at  nurn  who  arc  affeottd  with  epidemic 
ecTpbroapinol  iiieniiif^tifl.  Krcently,  A.  SchiS  claims  to  have  isolaM 
it  from  the  nciee  of  patients  without  menini^tiH  IC,  B.  xxv,  437).  C. 
Fraukel  cultivated  it  [roiii  eyes  apparently  afftvted  with  diphtheria 
(Z.  H.  XXXI.  231).  Togetlier  with  the  Strept.  intracvlliilaria 
there  oecnr  mixed  infectioua  by  the  Strept.  pyogenes  and  Strept. 
lanceoiatDB.  Certainly  at  least  a  coiuiderabte  iiortion  of  the  cases  of 
(crcbmspinal  meningitis  ore  caiuted  by  the  Rtrept.  laneeolatus  alone. 

R^iardinji  the  cerebrcMpinal  menin^'ftf  of  doaienHc  anitanl*,  conflicting 
etatemeuta  are  alia  encountered;  bere  altw  it  ia  pottiihle  tliat  different 
related  infections  aaeuts  telce  port  in  the  main  epidemics.  {Consult 
SiedamfCTotzky  and  Schlefiel,  C.  B.  XX,  604,  and  Schneldemnhl,  C.  B. 
XXIII,  ^93.)  It  isinterestinfEtha't  Johne  fonnd  in  an  epidemic  diaeaae 
of  horRCti  un  organiun  which  Jutfcr  declared  ideiitical  witli  the  i^trept. 
intracellnlaris.  The  organism  wiih  jnthoiicnio  foricninea-pigB,  horaes, 
and  Koata.  (Conanlt  Conncilmnn,  Mallory,  and  Wright,  Amer.  Janr. 
of  Med.  Sciences,  Matvli,  189a— Ed.) 


Fig.  13.— Strppt,  iiivolnl 
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Streptococcus  involutus  (Kurth). 

.^ynnnym.— StreptflToiyius  of  foot-and-mouth  (iiBease. 

Literature hy  Kurth  (A.  U.  A.,  Bd.  viii,  IHia,  43iM65). 

Upon  )ii!latin,  eto.,  indiatingoi^hable  from  the  Strept.  pyogenes;  on 
the  oontrary,  liouilloa  which  is  n-nilered  diffusely  cloudy  by  some  cnl- 
tures.  and  only  presents  a  sediment  with  otbere,  often  (xmtains  cells 
of  strikingly  elongated,  vesicular,  apindle  form.  No  spaataneona 
owtion. 

Tfeo  rtpeeiallg  gtrikiag  ehanuleriidici  are  present  in  serum  or  aemm 
mixtures: 

1.  In  flnid  strum  or  aemm  bouillon  there  develops  in  tlie  upper 
part  of  the  tube  a  pule-yi'llow  creamy  layer,  which  upon  microaoopio 
Muunination  rt'niitids  one  at  first  nf  anything  else  rather  than  niicro- 
orgtUiiKms,   but  on  further  examinution   tlio   tolluwing  is  learned: 
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The  Inxariont,  wssj,  Hhinin):  niaffin  cunsUt  tt  Aenge  aoogle*  <f 
MrrMiKncci  which  are  fduronndvd  bj  very  Eiteniive,  mMmoosly 
■wnilm  mpHuleii,  which  dn  luit  stoio  with  anilio  ilj'tx.  The  o^ainle 
tormMiun  aocaiv  betit  upon  calves'  ivrum,  bul  is  aim  arcn  opoa  metjf'a 

2.  t'ponpfafraprepand  withlOcc.  of^ar,  ood^ccolamiiD,'  both 
warmed  to  40°,  there  U  toand  about  each  ol  the  kubII  pure  growths  a 
halo  of  Btmn||;ly  reCiacUng  gnumlee,  which  are  donbtles  tnupasrd  of 
the  aame  material  an  fonua  the  capuilai  of  the  single  celts.  Howlbese 
DjiherM  oriKinate  and  whence  they  ariee,  Knrth  Lt  noable  to  ray. 

Kurth  hail  already  dialed  that  the  Micr.  pyofteiiea  and  yVta.  tcti«- 
eeniui  ran  fami'^  sirailor  pietorea  apon  calves'  hot  not  api>n  sheep's 
H-rum.  lie  loand  later  tliut  aim  streptococci  not  cooncvted  with 
(oot-ood-innDlh  dLvaae,  altliongh  rarely,  famish  (dmilar  Bemm  cul- 
tnreo.  The  orKaniim  has  nottiing-  to  do  with  foot-and-moath  diseaw 
(aw  Appendix]. 


Streptococcus  Mesenterioides  (Cienlcowski)  Migula. 

Synoni/m. — LeucimistiK;  mt'senterioiiies  Cienkfiwski. 
(hdiiuiry  Same. — Frog-spawn  fungus  nf  sugar  factnriefl. 


The  organism  growe  upon  mitrient  media  free  of  prnpe- 
and  cane-sugar,  like  the  Strept.  pyogenes  '  microscopiciilly 


Fig.  14.— Ptrfpt.  mefenterioiilvs  fnlt4?r  I^opf). 

and  macroBcopically  ;  in  a  stab  of  gelatin  containing  grape- 
or  cane>8iitfaT,  on  the  contrary,  it  grows  ujKin  tlie  surface 
W  A  luxuriant  riepoett  consisting  of  denae,  whitish,  jelly- 
like clunipit,  which  poaseaa  a  "  strong  glassy  luster  at  tlie 

'TlwKsnilD  muiit  not  b«  stPTtlind  with  chlorofortn,  but  only  by 
*  LtwenbeTK  and  Zuitf  call  thow  forma  Strept.  roesenterioidea  var. 
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tomniits,"  and  along  the  stub  as  luxuriant  Btalactite-like 
Daeses.  Tlje  colonics  are  at  first  cartilaginous,  then  moist, 
Fand  finally  pap-like.  Ujioii  grape-sugar  agar  plates  tlie 
fuperficial  colunics  are  warty  and  Inxuriant  and  spread 
like  a  wrinkled  film  ;  the  deep  ones  are  at  first  smooth  and 
later  sago-like  warty  balls. 

_     Microscopically  the  form  upon  sugar   media  presents 

Kteugh,    thick,  gelatinous  capsules  (of  dextran,  compare 

K.  30). 

jr^  The  gelatinous  covering  protects  for  fifteen  minutes 
against  75°.  All  the  varieties  of  sugar  ordinarily  em- 
ployed undi^go  fermentation,  with  the  formation  of  gaa 
and  acid.  The  fungus  formerly  was  often  the  cause  of 
the  very  troublesome  frog-spawn  fermentation  of  sugar 
solutions  in  sugar  factories. 

Leuconostoc  lagerheimii  L.udwig  consists  of  small 

(0.6  Ai  to  0.8/1)  cocci  within  tiiick  capsules.     It  causes 

alcoholic  fermentation  in  the  slimy  secretion  from  oaks. 

f  The  organism  is  said  to  occur  also  without  envelopes  as 

■'•hort  rods  with  flagella  (?). 

2.  Sarcina  (Goodsir). 

The  cells  divide  (at  least  upon  suitable  nutrient  media 
—hay  decoction,  bouillon)  in  regular  succession  in  three 
Krections  of  space,  and  remain  grouped  in  larger  or 
imaller  cubical  families. ' 

The  boundary  of  this  genuB  is  not  sharp,  although 
the  sarcina  is  held  by  many  authors  (Nageli!)  as  an 
especially  natural  genus.  Many  varieties  only  produce 
true  cubical  arrangement  upon  certain  nutrient  media,  and 
it  appears  that  this  property  may  also  be  acquired  or  lost 
(compare  Sarc.  rosea).  In  the  case  of  varieties  with  in- 
complete packet  formation  there  is  always  doubt  whether 
they  belong  to  the  sarcina  or  micrococcus.  It  is  our  con- 
viction that  the  sarcina  is  connected  with  the  micrococcus 
by  unbroken  transition  forms,  and  is  only  separated  arbi- 
trarily,    Exain]iles  follow. 


152 


IJlpaSTAA'T  VARIETIES  OF  FISSIOX-FUXCl. 


The  synopsis  of  definitions  and  the  descriptions  may  be 
prefaced  as  follows :  All  the  sarcinu;  which  we  have  in- 
vestigated grow — to  he  sure,  in  part  verj-  imperfectly — 
also  anaerobically,  and  then  produce  H,S,  in  from  harely 
perceptible  to  large  quantitiea.  Aerobically,  H,S  is  not 
produced  in  2%  peptone  bouillon  by  all,  and  in  marked 
quantity  only  by  those  where  we  expressly  state  it.  A 
minimal  formation  of  indol  occurs  with  all.  In  grajie- 
BUgar  bouillon,  with  few  excei»tion8,  only  a  little  acid  is 
formed  in  six  days  (lactic  acid),  about  0.8  c.c.  normal 
acid  to  100  of  bouillon.  Many  convert  urea  into  carbonate 
of  ammonia. 

It  can  not  be  doubted  that  sarcinee  can  cause  cloudiness 
and  souring  of  beer  (Lindner).  (Oimpare  8chonfold, 
C,  B.  L.  IV,  865. )  These  are  said  to  originate  eBj)«-ially 
from  horse-manure. 

All  sarctnie  stain  well  by  Gram's  method.  Beautiful 
pictures  are  also  obtained  by  staining  with  a  solution  of 
fuclisin  and  differentiating  with  acetic  acid.  It  ia  imiwrtaiit 
always  to  observe  the  fresh  preparation  in  a  hanging  drop. 
One  must  guard  against  mistaking  tetrads  (or  eigbt-cellwi 
cubes)  for  single  c*ll8,  which  quite  easily  occurs,  especially 
with  deep  staining. 

We  have  not  made  statements  regarding  the  size  of 
sarcinie,  since  we  here  found  especially  varying  results.  It 
impreesL'S  one  as  if  the  cells  often  grew  very  large  and  then 
in  rapid  succession  dividcfl  into  eight  parts. 

Endosporea  we  have  been  unable  to  ond  except  in  Sarc. 
palmonum  Hauser. 

SponbtTxfrtu  movcmenl  lias  not  been  observed  in  any  of 
tbe  sarcinie  examined  by  us  with  the  exception  of  the  Sarc. 
pulmonum,  but  often  strikingly  marked  mokfular  uiotiim 
was  present,  which  continued  in  sublimate  solution.  Tho 
Sore,  niobilis  Maurea,  obtiuned  fri}ni  KrdI,  was  always 
tion-mutilc  and  devoid  of  fliigella. 

In  many  varieties  cultivation  in  fluid  nutrient  media 
(bav  decoction  and  bouillon)  led  to  tbe  fonnation  of 
packets  and  bunches  of  packets,  which  were  otherwise 
formed  witli  difficully  or  not  at  all.  When  no  packets  arc 
produced  uixin  these  nutricTit  media,  one  will  seek  them 
'h  vain  ujion  solid  nutrient  ninlia.     The  macroscopic  ap- 
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pearance  of  tlie  bouillon  cultures  is  of  little  value  in  differ- 
entiating species,  as  it  seeniB  that  most  varieties  finally 
produce  a  more  or  less  viscous  or  friable  sediment  in  the 
clear  bouillon,  and  tbat  in  the  same  variety  the  character 
of  this  sediment  varies.  The  precipitate  either  forms  upon 
the  bottom  or  on  the  walls  and  Ixtttom,  without  the  bouillon 
Ijecoming  cloudy ;  or  the  precipitation  is  precedetl  by  a 
longer  or  shorter  diffuse  cloudiness  of  the  bouillon.  The 
Imuillon  tjikes  on  in  some  varieties  (Sarc.  alba),  but  not 
alwai/n,  a  characteristic  gummy,  viscous  quality. 

The  following  presentation  is  dependent  not  only  upon 
our  own  studies,  but  upon  the  critical  elaboration  of  the 
material,  which  Dr.  Stubenrath  cultivated  during  about 
two  years  under  out  direction,  and  upon  which  he  has  re- 
ported in  a  monograph,  "Das  Genus  Sarcina,"  Mflnchen, 
1897.     The  literature  is  there  extensively  presented. 

Space  does  not  allow  us  to  enter  more  into  particulars 
concerning  the  uncritically  described  and  very  numerous 
varieties  of  Henrici'  and  Gruber*.  Slulwnrath  (/.<;.")  has 
referred  to  the  fact  that  those  contributions,  in  a  work 
which  does  not  at  all  consirier  the  variation  of  bacteria, 
have  loaded  us  with  many  names,  but  that  our  knowledge 
is  scarcely  advanced  thereby. 

Key  to  Recog;iiitioii  of  the  Sarcinx. 

1.  Without  Pioubnt  Peoduc-tioi*  upow  Agar  and  Gelatin. 

(a)  Potato  gjowtti  delicate,  brownish-ypUow  from  the  firsL  Gela- 
tin and  afjii  ^owth,  delioate,  finelj  noUllEd  iknil  nrinkloil.  YoDiig 
ooltnres  laotile,  old  CDltares  olteii  with  spores.  Sarc.  pulmoDum 
Vireliow,  pa(^  155. 

(i)  Potato  growth  idwaya  remains  white  or  grayish- white. 
(a)  Gelatin   plate   nutgnilied   sixty  tiiuea;   very  finely  granular: 
limited  liqttefiuitioD.     No  formation  of  tnrge  re^rulor  bules  of 
packets.     Sarc.  alba  Kimniertnann,  pnge  lliO. 
(/?)  Gelatin  plate  ma^ilied  sixty  times;  nit'diiim-HiKed  granules; 
liquefaction  more  mpid;   formation  of  beautiful  rejjiilur  lialea 
of  pockets.    Sarc.  canescena  Stitbeiirath,  fof^  151). 
n.  Upon  Aoab  and  Gelatis  GRAYUH-yKLLow,  G aBEN is ii- yel- 
low lU  CIIROMR-TGI.LOW. 

(a)  Gelatin   plate  magniliBd  sicty   timts ;   very   Gnety  grnnulur  ; 

>  Henrioi,   "Beitrag  xur  Bnkterienflora   dea  Kaaes'' 
1,1). 

»Graber,  "Die  Arten  dtr  GattungSarvioa"  (A.  K.  Ed  1,  241). 
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pntati)  gniwUi  chrome-yellow,  jtlinteniug  ;  no  loTf:?  r^alar  haba  irf 
packeU<  rorrard.  Sore,  flava  de  Bary,  eiueiul.  Lefainaan  aDc]  Sinbea- 
mtb,  pnf^  159. 

(6)  (It-latin  plate  magnified  sixty  times;  nurfium •wised  entnnles  j 
beantiful  r^aUr  bales  of  paokete  lormed.  This  jfroup  contaius  tiunsi- 
tinns  from  Bavato  Intea,  and  [rom  Ihe  yellow  to  the  while  forms, 

(a)   Potato  gronth  ;  at  Gistdark^Tay.  only  later  j-eltowiflh-brnwii. 

Sarc.  liviao'lutescens  StubeDratti.  pa|;e  159. 
(fi)  Potato  growth  ;  tram  the  b^inninjc  grayish-yellow,  at  other 

timM  very  similar.     Sate.  «qui  8liibenratli,  page  158. 
[i)  Like  Sore.  ei|ni,  but  motile  from   long  tlnin^lla,  sometimia 
somewhat  flaoresoent.     Sarc.  mobilJs  Mnuren,  pane  160. 
(r)  Gelatin   plat«9   magnilled  eixty  times  arc  ciiaraely  grannlar. 
Fbrmnlion  of  beautiful  regular  bales  of  packets  ;  potato  ktowUi.  from 
brKJniiiiig,    luxuriant   lemon-yellow.      Sarc.   lutea   Pliiggt,  emend. 
Lehuuinnaud  Stabcniath,  page  15T. 

HI.  I'POK   AOAE  AND  Gelatin  Obaxoe-YEUaiw.      Sarc.   auran- 
liaca  FlUeg«,  page  160. 

IV.  UroK  AOAK  ADD  GELATIN  Bbownish  to  Brow  NTS  b -yellow. 

(a)  Agar  streak  SDOColeut,  broad,  reddish-brown.  Sarc.  cervina 
Stohenrath,  page  16-i. 

(b)  Agnr  Btreak  tliin,  finely  notched,  and  furronrd,  yeltowish- 
brown,  transparent.     Sate,  fulva  Stubenmth,  page  156. 

V.  I'poK  AoAB  ASD  Gelatin  Beiqht  RiwE-nEn. 

'(i)  Gelatin  and  agarslnak  roae-colored  ;  sarcimtform  observed  only 
upon  hoy  decoction.     Sarc.  rosea  Schroter,  emend.  Zimm.,  page  103. 

[b]  UelatiD  and  agar  bri^t  red  ;  eareina  fonn  observed  by  us  only 
once  DpOD  hay  decoction.     Sarc.  erylhromyxa  Kidl,  page  163. 

That  it  will  alirai/a  be  (lossible  tn  distinguish  the 
"  fomis"  presented  in  the  key,  we  can  not  certainly  claim, 
Binco  in  spite  of  the  ohBcrvatiitn  durin)^  two  years  o!  very 
Qomerous  forms,  we  have  reached  no  final  judgment  coii- 
oeming  the  extent  of  variability  and  perhaps  the  occur- 
rence of  trunsition  forms. 

Leavinfi;  tlic  chromogeneeis  out  of  account,  we  can  dte 
at  leaflt  two  striking  examples  of  thoir  variability  (com- 
pare i^urc.  variabilis  and  mobilis);  thua,  the  following 
niipcan  the  nutunil  relationship: 

1,  Sarciiia  flava, — therefrom  is  the  white  form,  Sarc 
ilba. 

2.  Sarcina  equi, — therefrom  is  the  white  form,  Sarc 
Cftneflcena. 

Bctwwn  e(|Ui  and  canescens  Snrc.  livido-lutescens  and 
Sarc.  varialiifis  reestablish  a  connection. 

The  varieti(»  Sarc  fiava,  c<|ui,  and  lutea  form  a  series 
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in  which  the  coarseness  of  the  granules  of  the  culture  and 
tlie  size   of    the    bales  of    packets   co n tin Uf illy    ini 
entirely  parallel  with  this  is  the  series  Sarc.  alba, 
abilie,  and  caneficenh-. ' 


Sarcina  pulmonum  (Vlrchow,  Mauser). 

(PlaW  (i,  V[-K.) 
"Deut.  Arch.  (.  kliii.  Med.,"  XLii,  1 


n  ;  Stu- 
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Microscopic  Appearance.  — Upon  the  various  nutrient 
media  only  small  and  not  especially  regular  bales  of 
packets  were  formed. 

Motility.^ Young  cultures  exhibit  exquisite  waltzing 
movement  (Hauser)  depeudeut,  according  to  Job  (Diss. 
Wiirzburg,  1896),  upon  not  very  numerous,  long,  coiled 
flagella.  Older  cultures,  and  quite  often  also  young  ones, 
exhibit  no  motility. 

Growth. — Very  slow  even  at  incubator  temperature. 

Gelatin  Plates. — (a)  Natural  size:  Extremely  small, 
roundish,  yellowish -grayish-white,  punctifomi  colonies. 

(6)  Mag^Medffiy  limes.  Superficial:  At  first  roundish, 
smooth  border;  gray,  almost  opaque,  not  different  from 
the  deep  ones.  After  two  to  three  weeks  the  peripheral 
part  is  lost  from  sinking  in  of  the  colony,  and  it  then  ap- 
pears torn,  and  (especially  at  the  edge)  transparent, 
coarsely  crummy.  Packets  are  not  to  be  made  out;  color 
gray.  Deep:  Roundish,  gray,  opaque,  without  any  visible 
internal  structure  (6,  viii). 

Gelatin  Stab. — At  first  thread-like,  and  only  after  a 
long  time  crummy;  {tray  to  yellowish-gray.  Sur/ace 
growth :  After  twenty  days,  2  mm.  to  3  mm.  wide,  gray, 
transparent,  roundish,  serrated,  faintly  shining.  Later  it 
begins  to  sink  in  (6,  vi). 

'  We  have  not  described  «.  Sarc-  venirfculi  Goodsir  because  tbo 
r  dcfloription  given  by  Falketiluia  (Aroh.  tUr  exp.  Path.  d.  Pbsr.  sis, 

V 939),  which  wtwcupiud  by  Grul>er,  does  not  BKrcc  nccaratciy  with  any  nt 
"  IT  formB,  and,  as  Oppler  {Mancli.  nied.  Wochctisohr.,  1994,  No.  20, 
FO)  first  pointed  out,  the  sbitiinch  <miiiitiiis  a  ivhule  sericiSiit  soroiiiK. 
"tr  details  thereon,  see  Stubenrath. ) 
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Agar  Plates. — (n)  Natural  size  ;  Like  gelatin  plate, 
only  soiiu'what  whiter. 

(t)  Magnified  fifti/  times.  Supaficial:  Ruuml,  light  to 
(lurk  gray,  periphery  lighter,  transparent;  tetrads  vi«ihle 
aa  tiny  crureibs.     Deep:  Roundish,  dark,  finely  granular. 

Agar  Stab. — Stab :  Thread-like,  later  granular.  Surface 
growth.:  Grayish- white,  shining,  slightly  elevated;  after 
thrt;e  weeks  4  mm.  to  5  nun.  in  diameter. 

Agar  Streak. — Restricted  to  the  streak  ;  rather  scanty 
growth ;  grayish- white,  transparent,  wavy,  usually  made 
up  of  single  crumbs.  Water  o(  condensation  clear  with 
slight  sediment  {6,  vii  and  5,  ii). 

Bouillon  Culture.— Clear,  little  deposit,  friable. 

Milk  Culture. — Milk  very  slowly  becomes  clear,  with- 
out preceding  coagiiliilion. 

Potato  Culture. — Very  poor  growth ;  after  three  to 
four  weeks  a  growth  3  to  4  mm.  wide,  yellowish-gray  to 
brownish,  shining,  not  sharply  outlined  from  the  potato 
fR.  IX). 

Spores. — Typical,  round  spores  first  observed  by 
Hauser ;  according  to  Hauler,  they  stain  well. 

Occurrence. — So  far  found  only  in  the  air  passages  of 
men — tor  example,  in  cafies  of  phthisis — fippftrently  ns 
harmless  settlers  ;  according  to  Hauser,  are  not  pathogenic 
for  animals. 

The  following  appears  very  similarly  (but  always  lacks 
spores  and  Hagella): 


Sarcina  fulva  (Stubenrath). 

In  microscopic  Sndinf:s  upon  alt  nntrient  mediii,  in  distribution  and 
oonaiBtency.  liquttuotion,  etc..  alm^Ht  pxiKtly  like  tile  prcc<-ding,  but  is 
.  hromiM-gi-IIiiw  to  reddiah^rutcn,  ainl  trauspiireut  upon  aKBraud  gelatin; 
aa  tlie  contmry,  npoD  pobita  scarcely  to  be  distingiuiahnl  rroin  8niv. 
patmonnin.  Bunillon  bacnmcs  tiirbiu,  with  tough  orumlily  sFdiiDeiit. 
(howii  with  oxygen  it  forms  winin  H  ,fl,  and  rather  abuDdAiit  acid  upon 
mfewiffiT  iHinillon  and  milk.  Ujioii  nil  nutrient  media  it  furnis 
minohcs  and  imlm  uf  pnckebi,  lutl  at  vnriDiifi  siKcs. 

Cnltivaird  in  WUnthnrtcnutny  timeHrnimat/imaohointciitnnndnnce 
front  pre|iijl)Al  mne^iuu  ;  a  very  otrikiug  and  sluwly  growin)/;  variety. 


8ARC1NA    LUTE  A.  157 


Sarcina  lutea.^  (Fliigge,  emend.  Lehmann  and 

Stu  ben  rath). 

Microscopic  Appearance. — Upon  niitri(*nt  media  typi- 
cal bales  of  packets. 

Gelatin  Plate. — (a)  Natund  i^hc.  Roundish,  puncti- 
fomi  colonies,  sulphur-yellow;  after  ten  to  twenty  days, 
sinking  in  (8,  v). 

(Jb)  Magnified  fifty  times.  Snperfirial:  Roundish,  even- 
bordered  or  almost  smooth-edged  colonies;  pale  yellow 
with  at  first  a  finely  granular  and  later  (eight  to  ten  days) 
a  more  coarsely  granular  structure.  After  a  very  long 
time  the  peripheral  parts  separate  somewhat  and,  with 
higher  magnification,  individual  tetrads  are  seen  (8,  vi). 
Deep  lying:  Roundish,  dark  yellow,  even- bordered,  finely 
granular. 

Gelatin  Stab. — Stab :  Thread-like,  with  relatively  few 
coarse  granules.  Surface  grmvth :  Irregularly  circular,  wdth 
a  moist  luster,  somewhat  elevated,  sulphur,  lemon-,  or 
even  deep  yellow.  After  ten  to  twelve  days  the  superficial 
growth  sinks  down.  Liquefaction  at  first  extends  in  a 
funnel  form  and  later  as  a  (^ylindtjr;  however,  we  have 
cultivated  almost  non-liquefying  forms  (8,  i). 

Agar  Plates. — (a)  Natural  mze.  Superficial:  Round 
or  roundish,  even-bordered,  somewhat  elevated;  sulphur- 
yellow,  with  a  moist  luster.  Dr^^p :  Roundish  to  whet- 
stone-shaped (3,  VII ). 

(6)  Magnified  fifty  times.  Superficial:  Roundish  almost 
even- bordered  colonies;  j>eriphery  delicately  jmnctate; 
peripheral  zone  transparent,  i)ale  yellowish,  becoming 
darker  toward  the  center;  finely  to  coarsely  granular 
(3,  viii).  Deep:  Like  those  upon  gelatin  with  coarser 
granulation. 

Agar  Stab. — Stab :  Thread-like,  finely  to  coarsely  gran- 
ular, at  times  after  a  long  while  ray-like  outgrowths  ;  yel- 
low.   Surface  growth :  Roundish,  wavy,  even  border,  some- 

*  Plate  6,  Figs,  i  to  v,  iniLstniting  thi*  Micr.  luteiis  Cohn,  sen'c  ex- 
actly 08  well  for  the  Siir\  hit<^  exci'])t  fi^ire  in,  when*  tlu^  bales  of 
packets  are  absent.  Also  Plate  3  would  jiass  for  the  ^latin  plate  c«l- 
tarcR,  except  for  tlie  finely /jjanular  structure  (:{,  viii);  a  somewhat 
lighter  form  (r>,  iv). 


.  158 


IMPORTANT  VARIETIJCS  OF  FL-iHlON-FUNGI. 


I 


wliat  flevated,  moist,  of  consistency  of  butter;  sulphiip> 
to  chrome-yellow  (3,  ill). 

Agar  Streak.-^Similar;  water  of  condensation  clear 
whitish -yellow  precipitate  (3,  ii). 

Bouillon  Culture. — Clear  ;  abundant  sediment. 

Milk. — Coagulated  after  forty-eight  hours. 

Potato  Culture. — Wavy  surface  growth,  often  much 
elevated,  shining,  especially  in  old  cultures  having  larger 
or  smaller  elevations  ;  in  young  cultures  with  a  moist  lus- 
ter, lat«r  dull,  sulphur-,  chrome-  and  more  rarely  grayish- 
yellow,  limited  to  the  line  of  inoculation,  only  extending 
a  little  more  widely  after  a  long  time  (3,  ix). 

Chemical  Activities. — In  peptone-houillon  there  is 
formed  some  H,y  and  a  trace  of  indol.  The  yellow  pig- 
ment is  a  lipochrome.  In  grape-sugar  bouillon  some  acid 
is  formed. 

Distribution. — Very  common  variety  in  the  surround- 
ings of  men,  especially  in  the  air.  In  Wiirzliut^  every 
plate  from  air  contained  it. 

Remarks. — 

IS  form!*  JMotated  bv  Dr.  Stubenrath  whicii  belong  here, 

^  the  following  varieties  : 

(o)  Typica  (Lehmann  ond  StobenraHi).  The  colony  on  gelatin 
mny  b«  recognized  npon  the  plate  b,v  a  iujirke<i  ole«vin)i  of  the  bonier, 
and  even  with  progrearing  liquefaction  of  the  gelatin  the  mnnd  form 
IB  not  e^ntiall;  changed. 

(;3)  Compacta  (Lehnuuin  and  Stnbenrath).  The  colonies  on  llie 
fielatin  plate  are  very  luxuriant,  roondiah,  and  ao  compact  that  a  bor- 
der-zone can  not  ))e  distinctly  seen.  As  tliix  form  ftlBo  raoses  almoet 
n<i  liquefaction  of  gelatin,  the  mlonicfl  lie  uihiu  the  plule  ua  a  hiugh 
film  in  the  scarcely  depressed  gelatin. 

(x)  DifBuent  (Lehnionn  and  gtubenralh),  ThiK  form  Bbnirs  upon 
all  nntrient  nieilia  a  very  ninrlced  tendency  ia  spread  ont.  Upon  gel- 
atin i>l»te8,  which  arc  liqueBed  qiutc  rapidly,  the  colony  spreods  aa  a 
very  much  HfBnred,  readily  diainU'gratingniass. 

Sarcina  equi  (Stubenrath). 


I 


"pcaliiily  by  Dr.  Stnhenrath  in  the  n 


;  little  liqne- 


SARCINA    FLAVA. 


rin  WiiraborK.     In  cultured  it  remuined  oonBtunt  for  a  year,  the  orifci- 
tial   motive  liijuelaction  only  beini^  somewhat  tesaened.     The  three 
[oUowiiif;  are  subeproiea  or  varieties; 
LikeSa 


Sarcina  livido-lutescens  (Stubenratb). 


I 
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Like  Sarc.  eitui,  but  youii^  potato  cultures  for  Uta  linys  and  ii 
nre  Rmy  I"  rtdiiiiih-griiy ;  after  twenty  liays  they  beoonie  brownish- 
yellow  in  the  center,  and  aftr.r  a  month  lhruu);liout  tliu  etitire  ontturo. 
The  oonslaney  of  this  characteristic  was  observed  for  a  year.  In  a 
cane  of  etitcritia  it  waa  j^wn  abuudontly  from  the  Btool  bf  Dr. 
StabeorAth. 


Sarcina  canescens  (Stubenrath). 

Diflerentiateil  from  S^irc.  e<iui  only  l>y  uiristjiiit  «"iy  w>lor  i 
Bomewhal  niai^r  grannlalion    (lurgtr  boles  of   paikola)    njiozi   all 
nnlrieiit  mctlia  (5,  vin). 


Sarcina  variabilis  (Stulrenrath). 

This  form,  isolated  from  RSstric  content-^,  appears  t"  lis  to  be  viTy 
interemidR.  It  is  diflcrentinlwl  friiin  thu  .Siire.  (Mjui  only  by  more 
marked  liqnefactioo  of  >fehttiu  and  by  the  property  lA  furnishing  on 
th«  various  nutrient  media  nomelinKS  yelloinvA-gras,  mmrtiWjt  purr  grag 
eoloitiet.  Upon  plates  one  often  obtains  gray  and  ycllowisli  ooloniea 
ude  by  side,  but  this  is  alike  repeated  whether  one  iuociilatea  from 
gray  or  yellowish  colonies. 


Sarcina  flava  (de  Bary,  emend.  L^ehmann  and 

Stubenrath). 

(Plate  3.) 

Uponall  nntrient  media  it  is  habitually  very  simitar  to  the  8nre, 
Intea,  being  yellow  t«  greeuish-yellow.  The  principal  difference  lies 
in  the  very  finely  grannlar  gelatin  i)late  colonien  when  niaj^iiied  slicty 
times.  When  magnified  one  thonsand  times,  tliia  fine  grannlation  is 
•een  to  depend  upon  very  amallbaleaaud  heaps  of  paokete.  *  We  hare 
observed  one  form  that  is  more  Inxnriant  and  distinctly  licinefying,  and 
one  that  is  more  delicate,  leaving  the  gelatin  still  solid  after  wcekii, 
fcrowinff  feebly  opon  all  nutrient  media.  It  liaa  Iraen  repeatedly  oulti- ' 
Tftted  from  gastric  contents. 

'  The  Sarc.  flava,  obtained  from  Kr^l,  Dr.  Stubenrath  fonnd  to 
tonn  apon  ail  fluid  and  solid  nutrient  media,  OHUally  only  bunches  of 
cocci,  rarely  l-etrads,  and  never  true  bates  of  pockete. 


un     jmrotTJiT  takiewjes  or  j 


r  lligrth.  preJawd  ■  fKOn  rf 
llHtatai  by  philBgr^hi  agn^ 
y  at  MRiM.  «liidi  m  actHvljr  MiMile  and  annvlcd  wiA 
tmm  loM*  b«dla,  vhtaiaed  from  dIlnf^w•la'  ^a  &  L.  IT,  AM), 
jr  WmIM  £mc.  b '--  '      -'  " 


Sarclfia  aaniiiUai:a  fRttgce,  LiDdner). 

<  [late  t. ) 

Microscopic  Appearance.  —  BeAotiful  h«]es  «od 
l(un<-)i<«i  iJ  jNw-kf'U  ujNtn  all  ordinary  nutrient  media. 

Gclsttn  Plate. — (n)  XiUunit niit :  Orange-yellow,  small, 
puiit'l,  'lot-lik'-  (yiloiiies,  which  soon  sink  into  the  ^l&tJn. 
AR'T  Ht"  I'<  nix  dajTB  tJie  peripheral  i>art  breaks  up  and 
H-'rti'/ri-  'if  ihu  folony  swim  about  in  the  plate-^a(>cd 
nil  "f  li>(ii<^>cti»ii.     Tlius  the  colony  appears  whitish 

Tll.lt.-  I  -I,  V>. 

tl,,    l/..r„i/;,v/  tifh,   limtt.     Supfrjirta! :    At  first   round, 
fm  I  i'»1onii«,  inib-  to  ilcep  yellow,  struc- 

r  ;  Mnilar.     Tlio  ehallow  fiinnel-shapod 

,i.i  I  ;y.      Lttli-r  the  Ixjrder  of  tho  colony 

l'(.-^-..,  .I1..H--.   ...I'l  wavy,  and  when  magnified  a  hun- 
il  tiiDMi  pnmniui  totruls  that  are  angle  or  joined  in 


I 


saucwa  avuantiaca, 

clumps.     At  tliis  stage  the  peripheral  zone  is  perfectly 
transparent  (4,  vi).     Deep:  Like  young  superficial  ones. 

Gelatin  Puncture. — The  colony  sinks  in  after  thirty- 
six  hours,  so  that  usually  the  gelatin  presents  the  appear- 
L  ance  of  a  contracting  blister.  The  stab-canal  presents  a 
I  funnel-sbaped  liquefaction,  the  wall  being  beRct  with  fine 
'  (ragmeDta  of  the  colony.  At  the  lx)ttom  of  the  funrie' 
'    an  orange  sediment  (4,  i). 

Agar  Platfc. — (a)  Natural  size.     Superficinl :  Round  or 
roundish    colonies,    even- bordered,    somewhat    elevated, 
orange  with  a  moist  luster.     Deeji :  Koundish  to  whetstone- 
L  sfaapied,  similarly  colored  (4,  vn). 

(6)  Magnijied fifty  times:  Irregularly  round;  central  zone 
Kopaque,  brownish-green,  toward  the  border  lighter  and 
nnore  yellow,  coarsely  granular;  with  stronger  magnifica- 
B'tion  individual  tetrads  are  to  be  seen  (4,  viii). 

Agar    Stab. — Slab:    Thread-like,    coarsuly   granular. 
"htrjaee  ffrmi'th:    Irri^gularly  round,  wavy,  somewhat  de- 
rated, orange-yellow  to  orange-red,  witli  a  consistency  like 
ftbutter,  shining  moistly  (4,  iv). 

I      Agar  Streak. — Like  agar  stub  ;  water  of  condensation 
r  clear  ;  ycllowi.sh  sediment  (4,  n). 

Bouillon    Culture.— Unevenly   turbid,    many    single 

..il.iiiiiLant  SMliiiicnt. 
Milk  Culture. — Milk  is  coagulated,  and  later  the  coag- 
uluni  is  again  iiignclied. 

Potato  Culture. — Luxuriant  growth,  with  rough,  wavy 
border  ;  after  a  longer  lime  distinctly  elevated  ;  reddish- 
orange,  especially  in  old  cultures,  and  then  is  usually  dull 
and  irregular  like  a  strawberry.  In  earlier  stages  it  ia  yel- 
lowish-orange and  at  times  shining.  Very  similar  to  the 
Uicr.  pyogenes  aureus  (4,  ix).     (Compare  also  8,  ix.) 

Chemical  Activities. — The  orange-yellow  pigment  is 
;» lipochrome.  In  grape-sugar  bouillon  there  is  feeble  acid 
;^oduction.  When  grown  aerobically  upon  nutrient  media 
without  sngjir,  there  ia  produced  no  HjS,  but  a  trace  of 
indol. 

Occurrence. — Oiiisixle  the  ortianma, :  Very  common  in 
the  air  ;  almost  upon  every  plate  made  from  the  air  in 
Wiirzburg. 

Related  Varieties,— All  orange-yellow  sarcina!,  which 
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were  cultivated  in  our  institute  could  be  easily  designated 
aa  Sarc  aurantiaca ;  moreover,  we  can  not  differentiate 
Sarc,  aurea  Moc^,  Sarc.  aurcscens  fusca  and  fusccs- 
cens  Gruber  from  Gruber's  rlcscriptioii. 

Sarcina  cervjna  (Stubenrath).  ^M 

(PlftteS,  I.)  ^ 

Gelntin  plate  coloniea,  insoroBOopically,  at  flrat  are  whitish,  After 
four  to  five  days  pale  iirowu,  snmcwliat  nioiHt,  slowly  beconnnK  snr- 
ruamled  by  a  lOQe  oT  liqacf notion.  Magnified  taxty  linit«  :  with 
ooareelj'  granular  iirojectioQH,  grndunllj  breakin);  up  M  the  vdp^  iuto 
coarsely  granular,  cloudy  niaaam.  Uelatin  Ktab — superfloial  fn^wth 
small,  pale  brown,  very  slowly  sinltiuK  in.  Stab— faiitt,  tbreod-like, 
finely  prsnnlnr.  AKar  plate— similar  to  that  oii  gelatin.  Agar 
streak — broad,  moist,  eievat«d,  yellowiBli-hrown  (5,  i).  Potato  cul- 
ture—brownish -whit«.  Magnified  one  thousand  times,  it  is  SMU  to 
consist  of  mostly  irregnlnr  bnles  of  pnokets.  which  appear  a  light 
brownish  color.  Thia  variety  was  once  isolaled  from  the  gastric  con- 
tents iu  a  cas     * 


Sarcina  erytKromyxa  (Krai).  ■ 

(Plates,  III.)  1 

Likralure. — KtAl  (liHtof  the  haoteria  banded  over);  Micr.  eiylh- 
roiuy»a Overbeck  (Nov,  Act.  der  Laip. -Carol,  Bl.  5S,  No.  7,  inal). 
Gootl  dtsoriptiun  by  Zimmernuum  (ii,  70). 

Magnified  oue  tboosuiid  times,  usually  only  uooci,  diplomoci.  and 
tetrads  ;  only  once  did  we  obtain,  upon  haj'  decoction  a  Iwautiful  fur- 
tnatiiin  of  regular  bales  of  pnckela. 

Upon  gelatin  platcH  (natural  size)  the  ('olonics  are  at  firet  a  lively 
gRonish  color,  then  lieantiftil  uarmiue-  to  wnnilion-rul,  and  moist. 
Miigolfied  sixty  tiniea,  aliuost  without  grannlation  ;  at  the  edge  the 
nd  ooltmiea  are  usually  transparent  and  flnely  notched.  There  la  no 
liquefaction.  Gelatin  stith,  a)^  atab  and  streak,  and  potato  ualtnrea 
gnuliully  devt^liip  n*  an  inl<.-nHely  red,  shining,  rather  apnrn  growth. 
Upon  milk  a  red  growth  forms  on  ttie  tnirfuic,  and  the  milk  slowly  ho- 
enniM  clear  without  prrceding  coagulation.  Bouillon  beconiMi  eU'iody 
wllh  a  MMTM',  omriibly  sediment  and  at  times  a  pelliote.  Muderale 
produetiun  of  acid  un  gnipc4ugar  ImuiltoD. 

Sarcina  rosea.   J.  Schroter  emend.  Menge  (B.  vt,  596) 
and  Zimmermann  (ii,  581. 
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TJic  dcTicriplicin  nt  Ibis  orKniii^m  |5,  vi)  ' 
puil*  its  griiwtll  lltKUi  nil  iiiitrii'rit  iiieiMn  u'i 
mtutlp.  IKO);  the  illUKtnitiuna  iu  I'late  I 
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MlCIiOCOCCVS. 


3.  Hicrococcus  (Cohn), 

The  cells  divitlt;  irrt^iarly  in  various  directiona  and  lie 

singly,  in  pairs,  in  fours,  or,  finally  and  indeed  mostiy,  in 

irrcguliirly  bunched  licjijia.      In  this  chiss  iiru  includi-d  all 

cocci  which  are  not  undcjubtcd  strejitooucci  or  sarciiiiu. 

Key  to  the  DeterminatioQ  of  the  Micrococci. 

I.  Does  not  jtrow  upon  auy  ol  tlic  ordituiri/  nutrient  media  nerobio- 
ally  or  anaerobically  ;  tin  the  contrary,  grows  upon  huiruui  blood- 
aerum,  afiar  Biueared  with  bUmil,  i>t«.  MiuriKcopicall;,  pnira  of  kidney- 
shaped  cocci,  iMiinect«d  by  a  UHuntly  broad,  iiiiNUiinHl  cement  line  ; 
round  tonus  are  more  rure.  I>ota  not  ettiia  by  (Iram'a  mdhoii.  Never 
fotind  exwpt  in  honuiu  body  or  its  seoretiuns.  Micr,  gonotrhcsK 
Nelsaer,  pa^  ltl4. 

II.  Poor  growth  opon  the  ordinary  nutrient  media  nnci  upon  serum. 
BoHdes  covci.  ollcn  iwd-torms  ( !)  are  foundj  wlijch  may  lie  four  times 
W  long  as  wide  ;  not  stained  by  Gram'a  method.  Micr.  melilensis 
Brace,  page  lUa. 

in.  Upon  tliii  ordinary  nutrient  media  a  thick,  while,  abundant 
growth,  Bonictimes  forming  t*trods.  In  animal  body  aiwayx  t-etrada 
with  marked  gelatinous  oapsnles.     Micr.  tetragenus  Gaffky,  |inpe  171. 

IV.  Grow  upon  ordiimry  nutrient  media ;  always  splitrical  ;  no 
tetrads  in  animal  txxly. 

A.  Upon  griatin  and  agar,  dn  tiol  produre  pigments  (ti'fti/e  (0  gmg 
varirtia). 

(a)  Gelatin  not  liquefled  ;  colonies  in  plate  roundish  witli  no  ont- 

(a)  Growth  on  gelatin  and  af^ir  Uiick,  pnre  white  ;  not  patho- 
genic ;  arranficment  irm^KTilar. 

1.  Individrnils  latber  tai^e.      Micr.   candicans  Ftiigge,   page 
169. 

2.  Individuals  very  small.     Micr.  aqualilis  Mead  Bolton,  iwge 
171. 

{If)  Similar  ton,  but  color  yellowiah-gmy,  not  pure  white.     Micr. 

roaettaceus  Zimmemiann. 
(y)  Growth  upongelatin  thin  and  iridescent.     Micr.  concent  ricus 
Zimmerninnnj  pafte  174. 
(t)  Gelatin  not  liquefied  ;  delicate  white  tendrils  extend  outward 
I   from  the  deep  colonies  in  gelatin   platat  and  from  the  gelatin  stall. 
'    If  fcr.  viticulosuB  Katz,  pa^e  174. 

I         (e)  Obletin  liqueHed  ;  plate  and  stab  cnltmrs  without  tendriL}  or 
[  brauohee.     Micr.  pyogenes ;  atbus  (Roncnbneli),  L.  and  N., '  piige  1S7. 
'  Compare  Mior.  Freudeiireicbii    GuUlebeau,   Micr.  iKidi   luetic 
Eriiger. 
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{d]  GeUtin  lu|iiefi(d  ;  colnnJes  In  platea  with  teeth  or  branches. 

(o)  GelatiD  stab  without  branches.     Tlie  funnel  of  liquefaction  in 

the  gelatin  plate  cultures  ia  anrrounded  aftt^r  a  few  days  with  a 

yellowiah-Hliite  circle  of  ra^^ed  poioU  and  teeth.     (Comjiare 

alsoMier.  corullioideaZiinnipruiann.)    Micr.  coranatusFIUgge, 

rgeI75. 
In  gelatin  stub  are  branches.     The  colonics  in  the  ji^'lntin 
plate  prtflent  a  circle  of  pretty  rays.     Mici.  radiatus  Fliigj,'^ 
page  17«. 

B.  Upon  gelatin  and  agar,  luljihur-gelloic  Ut  lemon-gelloie  pigmmt  U 

1.  Colonies  in  gelatin  ooeieeXy  grannliu- ;  liqaefactioD  rapid.  Uicr. 
luleus  Cohn,  emend.  L.  and  N.,  pe^  176. 

2.  Colonies  in  gelatin  finely  g^rnnular ;  liijnefaction  rapid.  Mict. 
flavua  Fl^^ge,  L.  aad  N.,  page  178. 

3.  ColonJBJ  in  gelatin  llnel.v  granalar  -,  no  liquetnctjon.  Mlcr. 
sulfoieus  Ziniiuennann,  page  17^. 

C.  Upon  gelntin  and  offar,  formation  of  brmfnuti-ytilaui  pigment. 
Micr.  badiuB,  L,  and  N.,  pnge  ITa 

D.  Upon  gelatin  and  agar,  orangergtUoit  to  grayitlHtrange. 

(a)  Agnr  streak  uniformly  orange-yellow. 

(a)  Gelatin   liqut^lled,    i»thogenic.      Micr.  pyogenes  a  aureus 

(lioaenbach)  L.  aiiH  N.,  page  m. 
{^J  Gelatin  not  liquefied  ;  found  in  air.     Micr.  aurantiacus  Cohn, 

pnge  1S9. 

(b)  A^Btreak,  mottled  gmy  andorongi'.  Micr.  bicolor  Zimmer- 
mann,  page  180. 

E.  Upon  gdoHn  and  agar,  mite  to  crimson. 

(a)  liose  to  oheiry-red  ;  upon  potato,  slight  growth.  Micr.  roseu* 
(Bumm),  L.  and  N.,  page  ISiO. 

(ft)  Rose  to  rherry-reil  ;  iipiiii  potato,  lirond,  di^  growth.  Mici. 
cerasinuB  (List)  L.  and  N.,  )>age  1!I3. 

(p)  Scarlet  red.     Micr.  erytbromyia  Zopf,  jjoge  IfW. 

F.  rpnn  gelatin  and  agar,  cobalt  blue,     Micr.  cyaneus  (Schroter) 
L  Cohn,  pitge  1!I3. 

Micrococcus  gonorrhoeae  <  Neisser)  (^Fliigge). 

(Tlale  Hi.) 

iS^iumyma, — OonococcuB  (Ndsser),  Diplococcus  gonot^ 
"  oesB  BuDiiii,  Mrtococcus  Gonorrhivie  Schroter. 

._j(  Imporlani  IMrralurr.—A.  Neiswr,  "C.  f.  med.  Wim.,"  Ifm, 
I   Buniin.    "  IXt   MikroiirgtiiiisniiiH  dur  gimorrh.   Sohleimhanter- 
"'  WitBlmdcn,  nionograpli.  IHU'i;   Wertbeini,   "Archiv  for 
p,"  XLii,  IHiti,  I :  Wntoermarin,  XXVii,  208.   Latestexhaos- 
'  Oomporc  also  tlie  pathogenic  MiiT.  nwuFnniiainfl  Johne,  the  Uior. 

EdMt  ^dUr^iti  ll'uiwct),  mid  tlic  Klit'r.  ocliruleucus  Prowe,  whioh 

d  to  lorm  spores. 


MICROCOCCUS   OOXOBBUGJ.E. 

"Transact,  of  the  Inat.  of 

Microscopic  Appearance. — Tliey  usually  occur  as 
pairs  oE  organisms,  somewhat  kictney-shaj>ed,  united  by  a 
lenticular  cement  material  which  is  ntten  quite  broad.  A 
pair  is  0.8  p  to  1.6  ;»  long,  and  0,6  ;i  to  0.8  /»  broad 
(10.  X). 

Staining  Properties. — By  the  usual  staining  methods, 
best  with  I.^f!lcr'H  in  ethylene- blue.  It  is  not  stainea 
by  Gram's  method,  which  is  very  im[iort4Lnt,  as  it  differs 
in  this  from  (Umost  nil  cocci.  Recently  many  authors 
have  claimed  that  gonococci  at  times  stain  by  Gram's 
method.  Weinrich  (C.  B.  xxiv,  258),  who  discusses  the 
entire  literature,  maintains  that  prompt  decolorization  is 
always  obtained  it  the  preparations  which  are  sbiined 
with  anilin-  or  carbobgentian  violet  solution  are  brought 
directly  into  Lugol's  solution  without  washing  with  water 
and  then  into  truly  abttolutti  alcdhoL  If  one  desires  a  con- 
trast color  in  the  cells,  a  weak  aqueous  solution  of 
Bismarck  brown  is  employed  after  the  cover-glass  has 
been  hroucht  from  the  absolute  alcohol  to  water. 
Relation  to  Oxygen. — Facidlative  anaerobe. 
Requirements  as  Regards  Temperature  and  Nutri- 
ent Media. — Gnuvs  'Hily  at  incuhntor  tjiuipt>rature,  best 
I  at  36°.  The  extremes  are  from  26"  to  39°.  Growth  on 
all  nutrient  media  very  slight,  and  frequent  transfep 
ie  necessary  to  keep  it  alive.  It  is  one  of  the  most 
difficult  varieties  to  keep  permanently  in  culture.  It  it 
remarkable  that  cultures  die  at  room  temperature  in  forty- 
eight  hours. 
The  growth  of  gonococci  upon  the  ordinary  nutrient 
media  is  not  to  lie  undertaken. '  Smears  are  to  be  made 
upon  one  of  the  following  nutrient  media  (3,  4,  and  5  may 
also  («  used  for  plates) : 
: 
; 


...  Ordinarv  nutrient  agar,  smeared  over  with  human  blood  (fro' 
'    the  aterilized  UnRcr-tipot  the  iilvestigutor,  Abel).    Tube  re 
•B  the  ^mpleut  method. 

3.  Hinnan  blood-serum  (from   placenta  or  obtained  bj  i 

'  The  BtatPiuenls  of  Tomi  rpjaifd  ing  the  cnltivation  of  the  _ 
B  apnn  ooiil  gelatin,  the  siiec<^wfii1  inoeulatioii  in  the  dog,  and  the 
liqueuotion  of  nlksliiie  gtlatin  coald  be  venQeil  hy 
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tion].     The  nemm  of  nnimolH  is  uanally  unauitabte,  and  upon  it  the 
growth  a  slnajB  vei;  Blight  (  Bamoi). 

3.  We  liave  (nith  Kiefer  otid  Menge)  obtoimd  ven,-  good  resnlte 
with  a  DDtrient  mMJium,  always  prep&red  when  naed  hv  mixing  2;^ 

f  (with  1^  peptone  and  5%  glycerin),  which  has  bv«n  liqneGed 
I  cooled  to  50°,  with  half  ilfi  volume  erf  aacites  Suid  or  tl1l^  fluid 
brim  ovniian  cysta  [eee  Technioal  Appeudix). 

4.  We  have  htui  nn  ffioA  re^iultE  witli  a  nntiient  medium  oonsistiiit; 
if  urine  nnd  glydprin-ngar,  or  with  aimple  glycerin-ngar. 

5.  WaMermaDn  rFcommewls  the  lollowinKas  the  best  fionococoas 
Datrient  medinm  :  15  c.c.  of  Kwine  senim,  t»  tree  as  poesible  from 

, llelnaglobin,  is  p1ac«l  in  a  Hmall  Erienme.ver  lUisk,  diluted  with  30  to 
""  1.0.  of  water,  and  to  this  iaailded  2  to  Scciifglyeerinand.  flDally, 
toO.Sgm.  (ftlfout  2^  )  of  nutroHe  (caBein-HodiumiAcBphate).  The 
whole  is  DOW  mixed  as  thorou([hty  as  {Misaible  by  sliakinK  and  heiUed, 
with  oonHlAnl  BtirrinK.  over  a  free  Qoine  to  the  boiling-point.  The 
previoasly  tnrhid  fluid  brcomcs  clear  upon  boiling,  and  may  be 
properly  healed  in  the  moist  oven  to  render  it  sterile.  The  addition 
of  the  nntrOBe  prevente  the  precipitate  from  the  serum.  In  the  prep- 
'  Mntion  of  enltures  on  e([nkl  ((unntil;  of  2^  agar  coaled  to  SCfi  in 
I  poumi  into  the  tlosk,  the  two  mixed  and  pniired  into  a  Petri  dish. 
Am  soon  ae  it  bKnmes  solid,  the  nutrient  medium  is  ready  for  dm. 
Tbp  citltnre))  arc  the  more  luxuriant,  t)ie  fretther  the  caMt  of  gonorrhea 
Mid  the  lew  it  bas  lieen  treat«<l.     Growth  is  favored  by  the  admisaian 
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Plate   Cultures, — («)  Nalural  »Ue:    Like  the  etrealc 
culture. 

(&)    Magnified  Jifiy  timei:    Tlie  great  delicacy  of  the 

colntiieB  is  cliaracteriatic  of  tlie  gonococciis.     Upon  blood- 

Lagar  anil  eerui)i-agar.  as  welt  as  upon  ascitra  glycerin- 

,  the  colonies   are    transparent    gray  witli   a  shade 

\  yellow,  excoLilingly  delicnte,   scarcely  at  all,  or  only 

y  finely,  granukr.     Often  at  the  periphery  the  colony 

mdistinguishable  from  the  medium.     They  are  very 

^tly  elevated  (10,  lu,  below ;   v,  ii).     At  this  stage 

y  are  very  similar  to  the  Strejit.  lanceolatits.     In  older 

miee  the  border,  which  was  formerly  smimth,  becomes 

tiy  wavy  and  irregular,  the  Btriicture  somewhat  granu* 

F  (10,  u),  and  eventually  even  moruloid  (10,  iv),  yet  it 

I  always  more  di-Iicate  tlian  the  streptococcus.     If  an  in- 

laUon  is  inaik-  upon  agar  smeared  with  blood  the  col- 

iee  appear  prinripally  at  the  (wriphery  of  the  streak, 

SB  doud,  i)r,   upon  hiicnniinn  largrr,   press  the  blood 

side  (10,  Ti)       The  name  hap|>ens  if  gonorrheal  or  blen^ 

ittorrln,-al  \\\\!>  is  platrwl  upon  asoitcs-glycerin-agar. 
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pu8  pushed  aaide  forina  eepta,  between  which  the  colonies  | 
develop.     This  is  a  veiy  cliaractiiriatic  picture  (10,  vi). 

Streak   Culture. — ^Transparent  gray  deposit,  perhapa    I 
with  a  trace  of  dirty  yellow,  somewhat  elRvated  especially   ' 
at  the  edge.     It  has  an  oily  but  not  a  moist  gloes.     It 
gives  the  impression  as  of  mucus  upon  the  uurface,  thiia 
differing  from  the  streak  cultures  of  other  delicately  grow- 
ing organisms,  as  the  Strept,  pyogenes  or  lanceolatus. 

ToKiDS. — Upou  notrose-seruiu  bonillDn  Wateerinaim  obtained 
vigOTona  ciiltiires,  which  were  still  poiaonons  uft«r  beiitf;  killed.  The 
gonotoxin  from  the  bodies  of  (EonixiK'Gi  is  vei?  rpsisbint  tu  heal  nnd 
otcohol,  kills  mice,  prudoces  a  doughy  infiltrotiou  in  rabbitaand  mice, 
which  often  ends  in  necii^is.  With  larf^e  doses  sj'steinic  eSrats  ooonr 
(oompore  NicolaysoD.  C.  B.  xxii.  305).  Gonotoxin  injected  sob- 
catsneonsly  was  without  effect  in  chrouio  ^norrtiM  in  man.  The 
marked  reaction  following  the  injection  did  not  beoome  less  upon  re- 
peating the  injection. 

The  mnotDxin  explains  the  (tonorrbeal  itecreticm.  Also  some  pointu 
in  the  histoiy  ol  chronic  gonorrhea  may  be  explained  bv  the  fact  that 
tor  a  long  time  a  few  gonocoooi  slowly  mnltiply  and  die  and  keep  up 
a  enppuiation  almoHt  tree  of  gonooocci,  but  ^int  they  may  increase 
more  actively  alter  any  injury,  irritation,  etc.,  of  the  tisnio  and  an 
acute  esacerbation  of  the  process,  with  abundant  tomuvtion  of  toxin 
and  large  numbers  iit  gonooocci,  may  develop. 

Alao,  t^e  filtrate  from  cultures  nt  gonococci  m  auciteH  bouillon  was 
irritating,  according  to  SchaHer,  producing  a  suppuration  opoa  the 
nrethml  mocona  menibmne  (C.  B.  xxin,  708). 

Distribution. — (o)  OuMde  "f  the  orffaniam :  Never,  ex- 
cept upon  liijcn,  towels,  etc.,  soiled  by  those  with  the  dis- 
ease. 

(6)  In  healthy  organimn  :  Never. 

(c)  III  diseased  oTganimn :  In  gonorrhea  in  the  urethra 
and  prostate  of  men  ;  in  the  urethra,  Bartholinian  glands, 
cervix  uteri  in  women.  Cause  of  vaginitis  and  urethritis 
in  young  girls. 

Besides  these,  in  isolated  cases  it  causes  endometritis, 
metritis,  salpingitiB,  oophoritis,  peritonitis,  proctitis,  ves- 
ical catarrh,  and  probably  also  epididymitis.     Cause  of 
blennorrhea  neonatorum,  rarely  of  diphtheritic  conjunc- 
I  tivitis  in   children   (C.    Friinkel);  the  gonococcus    also 
I   causes,  in  adults,  severe  conjunctivitis,  rarely  rhinitis  and 
'   otitis.     The  gonococcus  is  often  recognized  as  the  cause  of 
I   arthritis,  and  more  rarely  of  pleuritis  and  malignant  en do- 
!  carditis,  abscesses,  parotitis,  periostitis,  and  bursitis.   Now 
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nixl  llicii  tli(«u  Ji'tnonatrations  ue  not  mtirely  Sne  from 

nl,),,.lion. 

An  iiilliK'iU'JiiK  till;  local  infection,  eqtiainoug  epithelium 
in  II  licltiT  prtitccUon  than  cylindiic  epitholium.  The 
|mi'ii<iili'  ([miiiiiilly  }iiu»60B  through  the  epithelinni  into  the 
■'i>itiii'i'tivo  ti(wiK<  and  citiis<«  an  irritation  and  in&amma- 
tUiii  Hk'IH'.     No  immunity  follows  recovery  from  the  in- 

r..iii..ii. 

ill  iiii)(mti)iK  to  distant  ri^gions  of  the  body,  the  gono- 
I'lii'i'iid  I'Niii'rlnllv  fiilloWB  the  lymjih  spaces  and  csDsvs  in- 
lliiniiimlloiin,  wliicli  lund  to  fibrous  proUferaUon  (for  ex- 
ftiiilili>,  ufi'llinilHlrictimO. 

RHpffrlmontal  Pathologic  Experiences. — /n  ont- 
Mii/*.'  Till'  iTciillii  lit  iiKiculuUun  are  always  motive. 
I  •III  UK  >|iiiiiilltliw<if  eiiUuru  ciiubu  toxin  inllaminatiouswitb- 
W\\  ihoi'oiiaii  \it  tliK 
nliiiiK. 

hi  mnH.'  Thii  prodiiotinn  of  gonorrhea  and  conjunctivitis 
Willi  |i'lli Iliir.li  in  wwily  arroniplished. 

Nppt'lHl  Mothoda  of  Recognition. — The  following 
|ii'''iilliiilili>B  itM<  111  |ii<  d>nioiistn»li'il  :  Diplococd,  lying  in 
iililiii|w  III  llm  liihiki'VlcK  aliout  the  nuclei,  staining  with 
(iii.||tvl..iui.|.lt(i'.  mill  n„t  |,y  (Jram'a  method.  Delicate 
I'uloiilnti  III  miii'iM'N  ii|ii)ii  l.liiliil-ii^r  and  sprum-agar.  The 
lIIIiwI    |innlllv<>   oniitrol     iiiixMilaUon    is  upon  the  human 

il«i  r*liil«d  to  tha  Mlcr.  gonorrhces. 

IkIIm  liiivti  Ih>(i||  (HU'llnlly  BtiicUcil  by  v.  Biimm,  which 

»iii"  '"'  *''"  ^^^'-  lt"'ini'rhim'  hrcniisr  of  their  mkrainipio 
,.  »  will  mily  iiixntlim  Hipm,  m  wp  luivc  not  atodied  Uwm, 
«r  t»  till  wiirk  III  Hunim,  nImHiy  spuken  ot,  for  fnrtlier 

mplui.^llrnwii  Kniyiiih-nhit«i  opon  gela- 
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.  just  as  is  done  by  the  toxins 


u»  »uhn«vm.  -«!,-  iiiuliT  Mtor,  ji.vop'iii*. 

Micrococcus   melltcnsis  (Bruce). 

-UurhMii,  Joiir.  of  I'nlluiloKy,  Vol.  v,  ISOrt,  377. 


Micmcoccua  candicans. 

Common  Name.— C'occub  of  Malta  fever. 

A  srimll  ciiccub;  in  fluids,  esiiecially  in  the  incubator,  it 
not  rarely  forms  chains.  Cultures  at  room  temperature 
consist  mostly  of  bacilli,'  which  are  from  two  to  four 
times  as  long  as  they  are  broad.  At  body  temperature 
cultures  of  cocci  aj^ain  develop.  Non-motile.  Do  not 
stain  by  Gram's  method. 

At  37°  colonies  grow  slowly  upon  all  nutrient  media, 
being  white,  hemisphericjil ;  upon  gehitin  at  room  tem- 
perature there  is  scarcely  any  growth. 

Bouillon  at  first  becomes  chiudy,  then  presenta  a  floccu- 
lent  precipitate.  Milk  is  not  coagulated.  Neither  gas  nor 
acid  is  formed  from  sugar.  There  is  usually  an  invisible 
growth  upon  potato. 

In  man  it  causes  Malta  fever,  also  in  monkeys  after 
cerebral  injection.  Rabbits  and  guinea-pigs  may  be  in- 
fectetl,  guinea-pigs  also  intrajieritoneally.  The  serum 
causes  agglutination  of  the  cocci.  The  elimination  of  the 
coccus  with  the  urine,  which  may  continue  for  months, 
is  interesting. 

Micrococcus  candicans  (Fliigge). 

(Plate  9,  iv-viii.) 

Microscopic  Appearance. — Round  cocci,  lying  singly 
or  in  bunHicM,  1.2  /i  in  diameter.  Usually  they  present  a 
dividing  line  in  tin'  center  (9,  vm). 

Relation  to  Oxygen. — Grow  well  aerobi&tlly,  and  only 
Hliffbtly  in  tlie  lower  [larts  of  shake  cultures. 

Requirements  as  to  Temperature  and  Nutrient 
Media.— (iiMW  at  room  and  incubalor  temperatures  and 
Upon  all  tlie  usual  nutrient  media. 

Gelatin  Plates. — (a)  Natural  «2e:  Round  or  roundish 
colonies,  after  eight  days  at  usual  temperature  being  from 
2  ram.  to  3  mm,  in  diameter,  moistly  shining,  porcelain- 
white,  slightly  elevated.  Upon  old  plates  there  are  always 
found,  besides  flatly  spreading  colonies,  those  like  grains 
of  sand  or  even  conic^  elevations  (9,  v). 

(ft)  Magnijifd  fijly  thms.    Supe-rjlr-inl :     Round  to  round- 

'Tbna  this  organism  lii»  bet  wet  d  the  tamiJiea  of  the 
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ish  colonies,  even-biirdered,  extremfily  delicately  punctate, 
at  the  periphery  partially  transparent,  becoming  opaque, 
and  yellow  ish -gray  to  black  toward  the  center.  Deep: 
Roundish  to  whetstone-shaped,  opaque,  even- bordered, 
dark  (9.  vi). 

Gelatin  Stab. — Thread-like,  granular,  white.  Surface  I 
growth:  Wavy  smooth  border,  somewhat  elevated,  shining  | 
like  porcelain,  later  somewhat  dull,  white,  with  consist-  ■ 
ency  of  butter  (9,  iv).  I 

Agar  Plates. — The  colonies,  when  of  the  natural  size  , 
or  inagnilicd  sixty  limes,  are  like  those  in  gelatin  plates, 
except  that  tliey  are  somewhat  more  elevated  and  more  i 
opaque.  I 

Agar  Streak. — Slightly  sprt-ading,  white,  oily-looking  j 
growth,  with   a  wavy,   smootli  border,   and   moderately  i 
elevated.     Water  of  condensation  clear.     White  precipi- 
tate (9,  1). 

Bouillon  Culture. — Extremely  cloudy  with  moderate 
sediment;  with  some  forms  the  bouillon  remains  clear, 
and  there  is  formed  a  pellicle  and  sediment  of  greater 
coherence. 

Milk  Culture. — Not  coagulated  in  fourteen  days,  but  it 
becomes  vcTy  feebly  acid. 

Potato  Culture. — Thick,  white,  porcelain -like  growth, 
with  an  oily  luster,  much  elevated,  with  a  wavy  border. 
In  time  the  neighborhooil  of  tlie  growth  is  discolored  gray, 
The  gi'owth  of  the  same  cultures  upon  old  potatoes  (March) 
is  much  drier  and  more  crumbly  (9,  vii). 

Chemical  Activities. — Does  nut  liquefy  gelatin,  forms 
no  gas  upon  nutrient  media  containing  sugar,  and  no  indol 
nor  H,S. 

Distribution. — («)  Oiitwle  the  body :  Very  common  in 
wr,  water,  milk;  everywhere  in  Gennany  where  it  has 
been  looked  for. 

(A)  In  organism:  Only  epiphytic,  for  example,  in  pre- 
putial smegma  and  human  hairs. 

Forms:  We  have  isolated  a  Micr.  candicans.  which 
differs  only  from  the  stock  variety  in  liquefying  gelatin 
feebly. 
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only  nformadepauperala  from  long  ciiItDre)(rrum0.5;j  to  0. 9 ;i);  other- 
wise it  correspundB  in  nil  porticiilars.  According  to  Leobe's  desorip- 
tion  (Vin>h.  Aroh.  IIX),  p,  5(H>),  the  Mict.  lucie  is  entirely  identical 
tnorphologicallj  with  Iho  Micr.  candiciuis  ( U.H  /i) ;  the  colonies  in  gel- 
atin plat<»  ut  tiuits  prestnt  sectorial  cmoks.  old  cultures  hnve  an  io- 
Hipid,  i«sly  smell.  Any  statement  n^urding  tim  growth  on  piitala  is 
lacldog. 

Mlcroccocus  aquatiiis  (Mead  Bolton). 

Veore  not  familiar  with  this  orK^nism.  Itisoommon  in  the  wat«r 
in  G<itt4ngHn  (Z.  H.  1,  iH),  and  in  diuracteriiUKi  by  "very  Hinnll" 
individual  The  colonies  in  gelntin  plataa  present  something  ol 
radio]  Btreoks  and  oircnlar  lines,  ao  tliat  rhomboid  spaces  occnr.  FVr- 
tber  (iliaraoteristiia  arc  not  given  by  Bolton.  The  oi^nisni  in  able  to 
grow  in  distilled  water.  Aocordinj;  to  Schrot^r's  insuSicient  descrip- 
tion, it  may  perliapa  be  identical  with  the  Mici.  candidus  Cohn- 

Also  the  porcelain  coccus  ol  Esclieridi  from  the  intestine  ("Dann- 
baktcrien,"  p.  !K))  a[i|KTirsi  similar  ;  it  ineasnres  only  0.3  /'. 

Micrococcus  tetragenus  (Koch  and  Oatfky). 

(Plate  7. ) 

Synonyms. — Mk-r.  telragcnus  septicus  Boiitron,  Micr, 
t*!trayenu8  albuB  Bnutron. 

Principal  Lil/raivre. — Kwh  and  Gofffcy,  "  Mittcil.  a.  d.  Oeanndh,," 
Bd.  II,  43;  Lnnfi^nheck's  "  Archiv,"  Bd.  2S,  50(1;  Boutron's  "  Thise 
de  Paris"  contaiaia  mono^mph  npnn  the  oi^wiism.  Reterence  in  C. 
B.  XVI,  071  ;  Teissier,  "Aroh.  de  med.  exp.,"' Vlll,  14. 

Microscopic    Appearance. — Roundish   or  somewhat 
oval  cocci,  usually  lying  in    ]iairB  or  fours.  ^     The  size  U 
somewhat  variahle.     Not  infrpquently  one  seea  but  little  i 
characteristic  cell  arrangement  in  a  uiicroacopic  prepara-  j 
lion,  made  from  a  culture.    Id  the  animal  and  human  body  j 
the  arrangement  in  tutrada  is  rep;ii!ar,  and  a  rather  thick  I 
unstained  gelatinous  tapsule  surrounds  the  tetrad.      In  ] 
BecUons  stained  by  Gram's  method  the  capsule  may  bo 
countprstninrd  with  eosin. 

Relation  to  Oxygen. — Grows  well  with  oxygen,  and 
not  so  wt'll  witliiiut. 

Requirements   as   to   Temperature  and  Nutrient  ' 

'We  have  fiiiiml,  on  one  opcn.sion,  in  old  (-olturea  in  hay ' 
Epical  snreiiia  forms.  Ilntortnnatt'.ly  the  observation  was  not 
fnrtber.     Contamination  is  not  exolode<l. 
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Media, — Grows  beat  at  37°,  but  aleo  at  room  temperature, 
upon  all  orilinar}'  nutrient  nnHlia. 

Gelatin  Plate. — (a)  Nattirat  size.  Superficial:  Small, 
irregularly  shaped  colonies,  with  even  border,  whitish, 
Blightly  elevated,  shining,  moist.  Deep :  Uncharacteristic 
(7,  vii). 

(6 )  Maffiiificd fifty  times.  Sufierfictal ;  Roundish  colonies, 
at  first  with  porft-ftl^'  even  boraere,  later  sinuously  broken, 
not  unliki!  liiiuetjing  s^irtrinn  colonies.  With  accurate 
focusing  the  form  of  tetrads  is  recognizable  in  the  gray, 
transparent  jieripheral  portion  ;  towani  the  center  tlie 
colony  is  oiNWjue,  shaded  gray.  Deep :  Irregularly  formed, 
smooth  border,  opaque,  dulicately  to  coarsely  granular 
(7,  vm). 

Gelatin  Stab. — Stab :  At  first  thread-like,  later,  in  upper 
port  very  granular,  in  lower  jmrt  like  a  string  of  pearls, 
white  (7,  n).  Surface  ffrov'th :  After  t«n  days  from  3  mm. 
to  4  mm.  broad,  irregularly  round,  partially  lobulated, 
much  elevated  in  the  center,  like  the  head  of  a  nail,  moist, 
pure  white  or  somewhat  yellowish,  shining  (7,  ill). 

Agar  Plate. — The  same  aa  up<>n  gelatin,  only  much 
more  luxuriant,  opaque  (7,  vr). 

Agar  Stab. — Stab:  Confluent,  very  rough,  pure  white. 
In  nl'l  cultures  there  often  occur  luxuriant  outgrowths  in 
clumps  (7,  v).  Surface  growth:  Irregularly  round,  sin- 
uous or  wavy.  Much  elevated,  often  witli  terrace-Uke 
formation,  pure  white,  with  an  oily  luster,  at  times  with 
a  suggestion  of  yellow  (7,  iv).  The  agar  streak  corre- 
sponds. Water  of  condensation  clear,  with  white  preci pi- 
talc  (7,  i). 

Bouillon  Culture. — Clear ;  moderate  precipitate,  U])on 
phiiking  lui-nniing  distributed  at  first  as  tlocculi  and  then 

Milk  Culture. — After  four  days  firmly  coagulated,  at 
■  itiici'  litm  J  coagulation  is  iilwent. 

Potato  Culture. — Limited  ti>  the  streak  of  the  inocula- 
tion, sharply  outlini-d  from  the  surroundings,  but  not 
elcvatwl.  Hordor  of  the  growth  irregular  and  jagged, 
pure  white,  <lull,  orfainlly  shining.  According  to  Gaffky, 
thick,  slhny,  Itnatiious  {7,  x). 

Chemical  Activities.— It  prmiuces  eume  ucid   upon 
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I  grape-sugar  bouillon,  and  a  etrikingly  strong  odor  of  glue 
UI>on  agar  plates.  It  does  not  liquefy  gelatin,  nor  does  it 
form  HjS  or  indol  upon  2%  solution  of  peptone. 

Distribution. — (a)  Outside  Uie  irrganimi:  We  have 
never  met  it, 

(6)  In  the  licalthy  organiim:  In  the  mouth  ;  found  by 

•  Boutron  in  human  milk. 
(c)  In  dUeased  human  organism :  In  pulmonary  cavities 
in  phthisis  (Gaffky);  in  abscesses. 
(d)  In  animals :  Found  as  cause  of  suppuration  several 
limes  (Karlinski,  C,  B.  vii,  113). 

Experimental  Observations  Regarding  Pathogenic 
Effects.— (a)  Upon  a^iimnl^:  In  wliiti;  mice  it  cauei'B  a 
r.ipidly  progresaing  septicemia.     (Jiiincii-pi^    and   white 

•  rats  are  similarly  susceptiiile.  In  rabbil^  there  is  usually 
(inly  a  local  affection  (peritonitis,  abscess,  etc.).  Gray 
Tats  and  gray  mice  are  very  nnsistant  or  even  immune. 
(6)  Innuin:  It  has  biscn  demonstrated  that  the  organ- 
ism causes  auppunitiuii  and  not  merely  accompanies  it 
(Viquerat,  Z.  H.  xviii,  411). 

Special  Methods  of  Detection. — Agar  plates,  micro- 
scopic picture,   experiment  on    the  mouse.      In  bouillon 
and  hay  dococli«m  no  packets  of  sarcina  are  formed. 
Morpliologicully  identical   but  not  pathogenic  is  the 

IMicr.  tetragenus  albus  Brmtrnn,  The  Micr.  tetra- 
genus  aureus  B<iutron  is  liquefying,  non -pathogenic, 
and  was  grown  from  tiuman  milk.  It  iv!«  observed  by 
Boschi  and  Bullei  (C.  B.  xxili.  856),  afU^r  reiieated 
growth,  to  become  colorless.  They  very  proj>erly  con- 
Rider  all  these  forms  as  only  varieti^  of  the  Micr.  tetra- 
genOB. 

Related  Varieties. 

We  are  unacquainted  with  the  Micr.  tetragenus  sub- 
flavus,  obtained  by  Besser  from  nawal  mucus,  which  did 
not  grow  upon  gelatin,  and  was  yellowifilj  upini  agar 
(Ziegler's  "  Beitrage  zur  path.  Anal,"  vi,  -ll?). 

We  are  unable  to  differentiate  the  Actinobacter  poly- 
morphus  Duelaux  by  means  of  a  culture  fumj  Krai. 

The  Micr.  tetragenus  mobilis  ventriculi  Mendoza 
(C.  B.  VI,  5Gti)  is  theoretically  interesting.     From  the  de- 
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ecription  it  cannot  be  difforeiitiated  from  the  Micr.  tetra- 
genus  Gaffky  and  Koch,  except  that  it  forma  some  skatol. 
It  possesses  a  very  lively  Bpoiitaiieoue  motion,  and  consti- 
tut«B,  until  more  material  is  nt  hand,  the  motile,  presum- 
ably flagellated,  related  form  of  the  Micr.  tetrageuus  (see 
Micrococcus  roseus). 

Micrococcus  rosettaceus  (Zimmermann)  (i,  p.  72). 

Acmnliiig  tn  tlie  dpscription  of  Zimmemiann  it  ia  almost  Mentioal 
with  the  Killer.  atiiilicniiH,  liiitupitn  ^lutin  itieignLyiBh-whiteaiidiipoii 
potato  at  B.vellimiKli-trn'.V  color  ;  size  fnnu  0.7  /'  to  1.0  u. 


Micrococcus  concentricus  (Zimmermann)  (i,  p.  86). 


UiKin  all  nntrient  nitdin  it  fomis  only  ft  tliin,  delicate,  iridescent 
growth,  resembling  Homewhat  the  Buct.  typhi.  Upon  aelatin  plates 
the  border  is  im^lar,  and  concentric  zones  lire  aliiiuet  always  seen  on 
gelatin.  It  never  liquefies  gelatin.  l.'iMin  piiUtit  thin,  jellowirti- 
gmy,  stiniy  fp^>wth.  Theynrt  0.3 /'  indiamelcr.  Ponnd  by  Zinimer- 
mann  in  Chemnitz  liydront-tvater. 

Micrococcus  viticulosus  (Katz). 

Thia  was,  so  far  as  we  know,  Iwlated  only  onue  by  Katx  in  Flnfcge'a 
laboratory  in  Gottingen.  In  the  gelatin  Mah  and  in  deep  colonies  in 
ftelatiD  plates  it  forma  delicnte  white  tendrils.  We  know  it  only  from 
the  di'seription,  aocnrdinic  lo  which  ita  ooltures  evidently  have  a  great 
rimihirity  to  thoxe  »(  the  Bant.  Z«plii,  wbioti  we  have  represent^  in 
PlaUe  29  and  30.  Oelntin  is  not  lii|uefied.  TIte  cocci  arc  alw^rsoval, 
being  1.3  f  long  and  1  /'  broad. 

Micrococcus  of  Bitter  Milk  (Conn)  (C.  B.  Ix,  653). 

Bather  largi-  ooccm,  non-chro [linden ic.  Gelatin  rapidly  liquefied, 
nhieh,  n»  wrll  ««  bouillon,  bwimieM  very  mut--iliiKinoiis,  Milk  at  lln* 
fa  miKulal^d.  tlien  becomes  clear  niid  Blimy.  It  lAtitc»  faintly  acid,  but 
la  very  Ijitler. 

Micrococcus  Freudenreichii  (Quillebeau). 

Lonte  onnci  I  'J  /'  and  over  in  diameteT).  usiuiUy  single,  rarely  { in 
bnaillon)  armiiKctl  inoliaina.  In  milk  gelatin,  thccolonies  Hist  appear 
wbllc,  «Dtirc,  finely  granular;  after  two  daya  rapid  liquefaction  oocun. 
Anv  onltore  is  while  Potato  cnlturo  sulphur-yellow  to  ycllowish- 
ot  tiniui  dvlinltc  and  at  other  times  Inxnriant.  Bouillon  llrat 
nulondy,  then  clear  willia  Soci-ulcutaedinient.    Xn  sterile  milk 
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there  is  toniuition  oF  ooid,  early  there  is  marked  slickmesg(t«Dacity*), 
after  a  lew  dajs  coagulation.  Optimum  20°.  Growth  occurs  from  11* 
to  35°.     It  is  perluLjia  a  streptocoociM. 


Micrococcus  acidi  lactis  fKriiger)  (C.  B.  vii,  435, 
464.  493 J. 

Oval  poctnti,  (iHTuiiig  iliplooiH.'ci  und  tttnids,  frinu  l,')/i  lo  1.5/i  in 
diameter.  It  is  a  facultative  anacrohe.  Round,  white  colonies  in 
g^latiu.  with  ntKited  border.  Gelatin  is  liqueOed.  Gvlalin  dab.  Slab; 
Granular,  white  growth.  Surfntx  grimth ;  White  and  later  sinking 
duwDwai^.  From  milk-sngar  it  tomis  iBOtio  auid.  Milk  is  coagulated 
in  Ove  davR  at  from  15°  to  :{.)°.  then  the  alliuniinoiiB  liwlira  ore  pep- 
ttinixed  with  the  jiroiJuetiim  of  a  stieky  character  and  a  pasty  odor. 

Micrococcus  coronatus  (Fluggej  (Ed.  iii,  p.  i78). 

Round  cocci,  from  0.8  ^  to  1.6^.  Odalin plale.  Natural  lizr :  At 
Unit  rnnall,  white  disk^  which,  when  tliey  are  on  the  surface,  have  a 
broad  zone  of  liquefaction.  At  thii;  stage,  if  magnified  sixty  times, 
the  colonies  appear  as  gray,  coaraely  granular  disks,  with  nigged  bor- 
deta,  and  lattr  they  break  up  into  fragmenta  and  crunihw.  Tile  picture 
of  the  natnisl-aiKed  colonies  lati^r  is  quiti-  changed;  while  a  yallowiiih- 
white,  irregnloi  clump  lies  at  the  bottom  of  the  shallow  funnel  of 
ItqnefaotioD,  the  clear  Funnel  of  liquid  is  surrounded  by  a  zone  of 
Htnnly,  insular  points  and  outgrowtliB,  which  make  the  picture  very 
striking.     Tlie  gdati»  liab  ctifiHre  resembles  that  in  the  plate. 

.ifjmrpfa/f.' Deepcolonies.  round,  white,  almost  opaque.  Superlicial, 
at  firet  round,  then  ra^ed,  lohuhited,  wavy,  luxuriantly  developed. 
Agar  ttret^:  Orayidi-whitc,  broad,  jagged,  somewhat  dry,  Pilato 
eilbtre:  Similar.  Bouilfon :  Slightly  cloudy  with  sediment.  No  in- 
dol,  a  tface  of  H,S  is  formed.  Milk  hecnmn)  gelatinous  in  ten  days ; 
aftn"  fourteen  days  it  is  coagulated  with  a  minimal  acid  reaction. 

Found  by  flUgge  many  times  in  examinations  of  air,  by  us  in  ex- 


Micrococcus  corallioides  (Zimmermann)  (il,  p.  72). 
Acoording  to  Zimmerniann'sdeitcription  itreaembleR  the  preceding, 
yet  is  entirely  different.  Gclalia  plnic.  Natural  mzc :  Coluiiiea  appear 
OS  white,  somewhat  im^ilar  masaefl,  which  after  eighty  hours  form 
outffrowths  all  around,  so  that  finnlly  they  lie  in  the  halt  liqneSed 
eelatin,  with  radiating,  often  branrh^,  fortnations  extending  in  all 
dinotions.  Magnified  one  bundrmL  times  the  masseeofhooteria  appear 
gTBDiilar.  Ahw)  the  milk-white  growth  at  the  top  of  the  gelatin  stab 
■ends  out  indistinct  outgrowtlS,  Upon  agar  a  brood,  milk-white 
growth,  upon  potato  very  little  growth,  M«it-in[asion  is  uniformly 
dondy.     Found  by  Zimnionnann  in  water. 


milk  does  not  li4UL'fy  gelatin. 
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Micrococcus  radiatus  (FliisKc)  (Ed.  Ill,  p.  179). 

Micrococci  oF  leijs  thnn  1  /'.  TliDiloe.poolonipa  in  tliegi'lBtin  plftt^ 
which  are  at  firat  graiiulur  and  sharply  outlined,  when  tliey  "  "  ■"" 
the  surface  become  sutronnded  by  a  rin;;  o(  pretty  rajs,  which  i 
ft  little  at  the  periphery,  so  that  the  colony  is  twniewhut  irref^larly 
outlined.  Lutcr  Becond  and  third  rings  o[  rays  may  develop.  In  the 
gplntiii  stall  culture  there  is  a  p«>inl*d  fnnnel  of  liquefaction.  Prom 
the  lower  part  of  the  Hlah  hortzonUl  outgrowths  ritdiate,  so  that  the 
stab  appears  HH  if  feathered.  We  have  not  sc«n  it;  defloriptiou  is  from 
Fliigfce.  Tlin  color  is  dranribcd  by  Plligge  aa  white,  with  a  jellowiBh- 
green  ehimmer. 

Micrococcus  luteus  (Lehm.  and  Neum.). 

(Plaice,  i-v.) 

Synonyms. — The  insiiffidently  defined  Micrococcua 
luteUBCohn,  designated  by  Schrotcr as  Bacteridiuraluteum, 
ia  not  to  l>e  identified  as  a,  j)articiilar  vuricty.  We  desig- 
nate thespedea  to  be  dpsenbed  in  Uiis  way,  to  express  the 
relation  to  the  Sartdna  lutea. 

Microscopic  Appearance. ^Medium  sized  (0.4  /»  to 
1.2  w).  ronndirth  eiieei,  often  lying  together  in  fuiira,  oft«n 
only  in  pairs. 

Relation  to  Oxygen. — In  sh.ike  cultures  strongly  aero- 
Requirements   as  to   Temperature   and  Nutrient 
Media. — (_!rows  rapidly  aiifi  Uixurtaiitly  at  room  and  incu- 
bator toiiiporature  upon  all  nutrient  media. 

Gelatin  Plate. — («)  Nnlurnlgize:  Yellowish  to yellow- 
ieh-wliite  irregularly  round  L'olonies,  after  three  days  from 
11  mm.  to  2  mm.  broad.  In  a  short  time  they  sink  in, 
without  the  form  of  the  colonies  being  disturbed.  Later 
there  follows  a  breaking  up  of  the  film  into  irregular gran- 
vAv»  and  debris. 

(6)  Miirinififd fifty  txme«.  Superficial:  Yellowiah-gray  to 
grayish-brown,  irregular,  roundish  colonies  with  wavy, 
scalloped  borders.  In  the  periphery,  at  times  individual 
tetrads  are  |>lHinly  visible.  The  outer  part  is  more  trans- 
parent  than  the  centnd  portion.  The  interior  is  uniformly 
shaded  in  a  gray  color.  Deep;  Roundish  to  whetstone- 
haped,  smooth  border,  finely  granular,  of  the  same  color 
B  toe  superficial  (0,  ti). 
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Gelatin  Stab. — SUtb :  Until  liijiieiaction  begins  it    is 

I  gmnular.     After  twn  daysliquefaction  begins  withaplate- 

1  slmped  dejjreysion,  which  lat(.*r  becomcB  cylindric.     The 

cmtfiiUi  of  the  Junnel  arc  cloudy,  greenish  or  yellowish -gray 

(6,  i). 

Agar  Plate. — Both  when  of  natural  size  ana  when 
magnified  fifty  times,  the  colonies  are  like  those  in  the 
gelatin  plate,  only  the  granulation  is  finer.  Sometimes 
there  are  found  thin,  pale  yellow,  transparent  deep  colo- 
niefl,  as  much  as  2  mm,  broad,  with  a  coarsely  granular 
or  morulated  structure. 

Agar  Stab. — Stab :  Granular,  yellow.  Surfate-gTmnth : 
Lemon-yellow,  shining,  roundish,  with  wavy  border,  some- 
what elevated. 

Agar  Streak. — Corresponding  to  the  stab.  Water  of 
condi-Tisiitiim  i.'lciir,  sediment  yellowish. 

Bouillon  Culture. — Remains  clear.  The  yellowish 
precipitate  is  closely  packed,  rising  up  tenaciously  only 
with  energetic  shaking,  and  afterward  becoming  homoge- 
neously divided. 

Hilk  Culture. — After  twenty  days  it  is  half  cof^ulated. 
Acid  reaction. 

Potato  Culture. — Lemon-yellow  to  yellowish -green, 
thin,  faintly  shining,  with  a  wavy,  irregular  border,  and 
almost  no  elevation  whatever.  Sharply  outlined  from  the 
I  surroundings. 

i  Related  Varieties. 

'  We  consider  this  fiyrm  identical  mth  sardnn  bikit — only 
our  form  produces  no  sareina  groups,  either  upon  solid 
nutrient  media,  or  in  bouillon,  or  even  in  hay  infusion. 
Sareina  lutea  would  be  its  "sareina  form." 


I 


TheSlTeptococcUBliquefaciensatidPediococcusflavus.'ohtainHl 

■  from  Knll,  are  idrnticnl.  The  Strept.  liqitetacieiiR  only  prodiius  a 
K^IondineeB  of  bouillon  anil  ut  the  fannel  oF  liqntHeil  ^Intin,  unci  in  old 

■  ■garitreaks  hiwi  a  hrownish-jel low  Rhode — variationH  which  are  con- 
■.stantly  ohai^rved  in  Miur.  pyof^nea  a  aureiu.  Froin  the  iteacriplion  the 
I  MicT,  galbaoatus  Zimmermann  is  also  identical,  and,  as  we  saw 
C'snheequenll;,  woe  foand  b;  ZimmemuiTin  to  be  identical  with  the 
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St4>;pt.  ]i(| lief aci ens  Krdl.     One  ahinild  onlinnrily  give  the  nnambij^ 
oiiit  ntuiie  of  Zinimeruiana  the  preterence  over  Micr.  lateus,  yet  ira 
Uesireil  to  indicate  the  analogy  to  the  Sarc.  Intea. 


Micrococcus  flavus  (FIiigg:e).     Lehm.  and  Neum. 

Coiiipleh'ly  identicJil  with  the  fonner,  only  it  has  JiHrlg  ffranalar 
jrplatin  ooloniin  and  lean  Iciidenoy  Mi  thi'  fomiotion  of  trtrads.  We 
consider  thia  form  identical  with  the  already  deeeribed  Snrc.  flavn, 
with  which  it  oorrefiponde,  with  the  exception  of  the  ability  to  prodni* 
sarcina  porki3tA.  We  have  obtained  this  orf!anisn)  as  Staphylococcus 
ciueus  from  C.  FrSnkel  and  as  Saro.  flava  from  Pragur.  The  latter 
was  always  without  sarcina  packets.  We  have  been  nnable  also  to 
diOereDtiDtr  what  we  obtftuiiid  oh  Micr.  cilieuB  ■gilia  Menge  (C,  B. 
XII,  49).  It  is  devoid  of  flagella,  very  weakly  liquefying,  and  non- 
motile. 

There  appear  to  be  tranmtioni  from   Ihc  Micr.  fiarua  to  the  Mier. 


Micrococcus  sulfureus  Zimm.,  Elaborated    by  Lehm. 
and  Neum. 

We  cover,  provisionally,  with  this  name  all  lemon-yellow  as  well  aa 
greenish  to  grayish-yellow  cocci,  which  do  not  Hqnefy  ftelatin,  oi 
which  we  have  cnltival^  many  from  the  air  and  water.  They  were 
all  finrlf  granular  np<m  geltitin  platee.  We  oonaider  them  as  non- 
liqaetyinff  foniu  of  Micr.  flavus  L.  and  N.'  Here  alao  belongs  the 
Micr.  aordiduB  Schriiier. 

Micrococcus  sulfureus  ,?  tardigradus  (PIQege). 
(Lehm.  and  Neum.) 

MicrofoocuH  flavDH  tnr(ii(ffn<lu3  (  FlUjop.'),  page  178. 

It  is  differentiated  from  the  former  only  by  very  slow  growth. 
Ftrand  hy  Zimmermann  in  wulpr.  Only  a  variety  of  the  former.  Once 
veloiind  a  Micr.  snlfureiis  in  the  air  whose  Bngierilcial  oolonies  pn>- 
dooed  soTnetimes  no,  sometimes  very  little,  and  agaia  Teiy  aotive, 
UqnelBction,  thus  Iveing  u  transition  to  the  Micr.  flavus. 


Micrococcus  badius  (Lehm.  and  Neum.). 

Mediiim-sixeil,  mnndoooci,  often  united  in  tetrads,  never  allowing 
anrcina  forms  upon  any  nutrient  metlinm.  In  the  griatin  plale  tli« 
aolonies  appmr  nn  glo'e-brown,  slightly  elevated,  transparent  dni|H, 
■Which  when  mngnilled  sUty  times  appear  entireJy  homog^neotu  or  at 
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most  with  concentric  zones.  Agar  pltifc  is  similar.  Gelatin  stab:  a 
not  very  luxuriant,  glue-brown,  shining  growth  ;  along  the  stab  a  del- 
icately granular  growth.  Agarntab:  Moist,  tnmsjwrent,  glue-brown. 
Gelatin  is  very  slowly  and  slightly  li(iiielied.  Bouillon  uniformly 
cloudy.  Upon  potato  there  occurs  a  dark  yellowish-brown,  gelatinous 
growth.     Growth  always  slight.     No  gn)wth  in  milk. 

It  was  obtained  from  Krdl  a«  Siirc.  lutea,  and  was  not  met  by  us 
elsewhere.     It  reminds  one  of  the  Sarc.  fulva  Stubcnrath. 


Micrococcus  ascoformans^  (Johne). 

Synonyms. — Discomyces  (Mjui  Rivolta,  Micr.  })otrvo- 
genes  Rabe,  Botryomyces  Bollinger,  Botryococcus  ascofor- 
mans  Kitt. 

Liierature.—Kitt  (C.  B.  ill,  177),  Schneidemiihl  (C.  B.  xxiv,  271). 


V 


Fig.  15. — Ascococcus  Billrothii  Cohn  (after  F.  CJohn). 

It  occurs  in  the  tissue  and  pus  of  the  pathologic  forma- 
tion, grouped  like  grains  of  sand,  surrounded  by  a  gelatin- 
ous mass  with  a  double-contoured,  shining  covering.  In 
cultures  no  capsule  is  formed,  except  that  upon  blood-serum 
hartshorn-like  plugs  occur. 

According  to  Johne' s  description  the  cultures  very  much 
resemble  those  of  the  Micr.  luteiis  and  flavus.  The  micro- 
cocci are  usually  arranged  in  pairs  or  fours.     Gelatin  plate : 

*  The  Micr.  &<)cofomians  recalls  involuntarily  an  organism  which 
Cohn  had  described  as  Ascococcus  Billrothii.  It  forms  spherical  or 
lobulated  colonies  upon  artificial  nutrient  minlia,  which  possess  a  thick, 
gelatinous  or  cartilaginous  capsule.  A  similar  organism  was  de8cril)ed 
by  Hankin  as  Ascococcus  cantabridgensis,  obtainc<l  from  the  mouth  of 
a  student  in  Gambridpe.  The  wkxjus  quickly  covers  a^r  with  a  trans- 
parent, slimy,  very  delicate  covering  of  yellowish-whito  color,  and 
pows  rather  slowly  in  bouillon  and  gelatin.  It  is  different  from  Asc. 
Billrothii  in  the  oblong  fonn  of  its  individual  gix)up8  and  the  less  dis- 
tinctly visible  capsule. 
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Macroecoptcally  they  appeu  as  if  spriokied  with  gntyish- 
jellow  poll»i,  with  a  fruit-like  odur. '  Magnified  mxty 
tima:  Bound,  sharpy  outlined  t-olonies  without  epccial 
cbaracteristics.  In  the  gelatin  slab  culture  liquefactiuu 
takes  place  slowly,  with  a  cup-shaped  depreesion.  The 
growth  along  the  etaib  ia  white  and  thread-like.  Upon 
jiotaU)  a  hoarfrost-like  yellowish  deposit  with  a  fruit-like 
odor.  Upon  agar  the  growth  ia  scarcely  perceptihli-. 
Kitt  has  expressed  the  belief  that  the  organism  is  only  a 
special  form  of  the  Micr.  pyogenes — which  requires  further 
inveatigation. 

It  is  pathogenic  for  guinea-pigs,  sheep,  goats,  cows, 
swine,  and  especially  for  koTMS.  It  ia  found  in  thick, 
cord-like  or  nodular  connective-tissue  growth,  usually  soft- 
ened in  the  center,  in  the  perimysium,  subcutis,  spermsLic 
cord  (after  castration)  and  the  retroperitoneal  connective 
tissue  of  horses.  Besides,  it  is  found  in  the  lungs,  udder, 
lymph -glands,  ear  muscles,  nasal  mucous  membrane  and 
bones.  Recently  cases  have  been  described  also  where 
botryomycofiis  occurred  in  man  (compare  Schneidemuhl, 
1.  e.). 

Micrococcus  pyogenes  CRosenbach)(Lebm.and  Neum.)- 

(PlBles  B  niid  !),  i-in.) 

a  Aureus  (Rosenbach)   Lehm  and  Neum. 
j9  Citreua  (I'assct)  "        "        " 

f  AlbuB     ( Rosonbnch )       "        "        " 

Synonyms. — Staphylococcus  pyogenes  aureus  Rosen- 
linch,  Staph,  pyogenes  albus  Kos.,  Staph,  pyogenes  citreua 
I'iiaset.  * 

Ordinary  Names. — Grape  coccus,  pus  coccus,  simply 
"  etaphylococcue. ' ' 

Prinripni  i.i(rm(urc,  —  Rodcnhnrrh,  "  MikmnnauMtupii  bd  dea 
TViin<iuifrkiimisliranlihoiteii  ilm  Mi-iwulim,"  I^Hl ;  Pnmtt,  "AMio- 
idgto  der  (■itrigen  Phlt^nono,"  1W5  ;   Orurfi,  "Fortsch.  d.  Medic.," 

■  Our  VUet.  1uI«iiir  aim  pOBK«ac«  a  miuietinies  a^^'eeahlE  Honietimui 
tUn^Rcnbli-  swivllxti  lal'ir. 

■  Ooioimrc  «l!it>  p.  IK7,  rvg»nliii|t  0\v  Sdijilijluwieciia citreua  Paaget. 
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1885,  III,  165;  LUbbert, '  ^  Biolo^sche  Untersuchungen  uber  den  Staph. 
pyog.  aureus,"  Wnrzbni^,  1886. 

Introductory  Remarks. — For  the  comprehension  of 
the  three  fonns  given  al)ove  as  varieties  of  one  form  cer- 
tain proof  was  hitherto  lacking.  R.  0.  Neumann  (A.  H. 
XXX,  1)  furnished  it  wlien  he  observed  that  in  orange- 
colored  colonies  sometimes  lighter  white  or  yellow  sectors 
appear  (similar  to  those  in  Micr.  bicolor),  and  by  inocula- 
tion from  these,  cultures  are  obtained  which  still  more  mark- 
edly present  the  formation  of  paler  sectors.  By  repeated 
consistent  transfers  in  this  way  white  and  yellow  cul- 
tures can  be  gro>vn  from  orange-colored  cultures,  and  even 
a  red  culture  could  be  obtained.  These  new  cultures  re- 
main in  part  permanent  and  in  part  revert  to  the  original 
form.  Also  consult  Neumann  conceniing  what  was  other- 
wise known  regarding  the  variations  of  this  form. 

Highly  probable  synonyms  :  Micrococcus  liquefa- 
ciens  conjunctivae  Gombert,  Eisenl)crg,  301 ;  Micro- 
coccus flavus  conjunctivae  Gombert,  Eisenberg,  302  ; 
Staphylococcus  salivarius  pyogenes  Biondi,  Eisen- 
berg, 309. 

The  effort  of  varions  anthors  to  foniid  a  specific  differentiation  of 
the  three  forms  upon  varying?  virulence  is  \vn)np.  In  the  first  place, 
tiie  fact  that  the  golden-yellow  form  is  distin^iished  by  special 
vimlenoe  (v.  Tavel,  Ijannelongue,  and  Achanl)  is  disputed.  Levy 
found  thiit  the  more  common  fonn  in  Ktrass))nrg  was  the  white 
form,  and  it  was  just  as  pathogenic.  In  the  second  place,  it  is  easily 
riiown  experimentally  that  enormous  reduction  of  virulence  is  entirely 
independent  of  the  color  (compare  page  l'^5).  Growth  with<mt  oxy- 
gen which  increases  the  vinilenee  lessens  the  production  of  pigment. 

In  tbe  following  tlie  Micr.  pyogenes  a  aureus  only  is 
particularly  described.  Regarding  tbe  y5  citreus  and  y 
albus  see  page  187. 

Microscopic  Appearance. — Round,  smaller  or  larger 
cocci,  on  an  avorag«j  0.8//,  in  pairs  or  singly,  usually  in 
grape-like  clusters.  Often  they  have  a  small  division 
cleft  (8,  X  and  xi). 

Relation  to  Oxygen. — Grow  well  aerobically  and  not 
so  well  anaerobicallv. 

• 

Requirements  as  Regards  Temperature  and  Nu- 
trient Media. — Optimum  at  87°,  l)ut  grows  well  at  room 
temperature ;  thrives  upon  all  nutrient  media,  the  pig- 
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ment  ia  developed  most  al)undantly  upon  agar  and  po- 
tato. 

Gelatin  plate,  (a)  NaturiU  sixe:  Small,  irregularly 
roundiBh  colonies  of  yellowiBh-white  to  yellow  color.  After 
six  days,  1^  mm.  in  diameter.  Old  colonies  are  not  much 
larger.  The  colonies  usually  sink  slowly  into  the  medium 
and  become  surrounded  by  a  flat,  pIat«-liko  zone  of 
liquefaction  (8,  vii). 

(i>)  Mngmjied  Mmenty  tiviei.  Suverjicuii  colonies :  Round- 
ish, faintly  yellow  to  brown,  with  delicate,  transparent 
peripheral  zone.  Structure  somewhat  coarsely  granular, 
toward  the  periphery  alittle  more  finely  granular  (8,  viii). 
Deep  cdoniat :  Roundish  to  whetstone-shaped,  dark  yellow 
to  brown,  structure  finely  granular,  border  almost  Bniooth. 

Gelatin  Stab. — Liquefaction  along  the  line  of  punc- 
ture after  two  to  tiiree  days.  The  zone  <tf  liquefaction 
is  conical  to  bag-shaped,  and  later  cylindric.  The  con- 
tents of  the  cavity  are  grayish- white,  cloudy  in  appew- 
ance,  and  at  tha  bottom  a  whitish  to  orange-yellow  pig- 
ment is  deposited  in  little  clumps.  The  intensity  of  the 
liquefaction  varies  widely. 

Agar  Plate. — (a)  Nfiturai  size :  The  sKper^cioi  colonies 
ore  round  or  roundish,  orange-yellow,  faintly  shining, 
evenly  elevated,  and  as  much  as  4  min.  in  diameter. 
Deep;  Roundish  to  whetstone-shaped,  equally  or  more 
deeply  colored  and  never  so  large  as  the  superficial  (8,  v). 

(6)  Magnified  sixtff  timen.  Saperficinl  cMontes:  Round, 
almost  or  entirely  even  border,  with  transparent,  delicately 
punctated  peripheral  zone,  orange-yellow,  toward  the 
center  shaded  to  homogeneous  gray,  sometimes  with  a 
more  darkly  colort'd  ring  near  the  periphery.  Deep: 
Colonics  partly  roundish,  partly  whetstone-shaiied,  dark 
grayish-yellow,  opaque,  at  periphery  ottipn  somewhat  more 
coareely  granular.  Often  there  are  found  in  agar,  broad, 
pale  yellowisli,  muiid,  transparent  colonies  with  the  gran- 
ulation more  marked  (S,  vi). 

Agar  Stab. — SUib :  Insignificant  growth,  at  first  thread- 
like, later  slightly  granular.  Surfitre  grtnnth:  Roundish, 
evenly  i-l<-vated,  with  smooth,  somewhat  wavy  border, 
faintly  shining,  oranu'-yi'llow  (8,  iii). 

Agar   Streak. — Corresponds  to  growth   in   the  stab. 
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Water    of    condensation    cloudy.      Precipitate    wliitish- 
orange  (8,  n). 

Bouillon  Culture. — Marked  uniform  cloudiness.  Ou 
the  surface  a  delicate  pellicle  is  formed.  Sediment  mod- 
erate and  upon  agitation  it  breaks  up  into  tiny  fiocculi. 
In  sugar  bouillon  the  same. 

Milk  Culture. — According  to  Passet's  and  our  own 
observations  it  is  gelatinous  or  firmly  coagidated  in  from 
one  to  eight  days.     According  to  Tavel  it  is  flaky. 

Potato  Culture. — Limited  to  the  streak,  at  first  whit- 
ish, later  pale  orange-yellow,  somewhat  elevated  and 
crumbly,  shining.  Old  cultures  are  wider,  deep  orange, 
and  dry  (8,  ix). 

Viability  and  Resistance. — (a)  In  body:  Many  cases 
in  which  the  Micr.  pyogenes  has  been  found  after  very 
long  periods  (from  ten  to  thirty-five  years),  in  Jireas 
(osteomyelitis)  where  they  had  IxM^n  encapsulated  during 
this  time,  appear  to  prove  a  long  viability. 

(6)  In  cultures :  Very  tenacious  of  life.  Even  after  many 
months  are  always  alive,  still  there  are  no  resting  forms. 

Resistance  to — (a)  Drying :  According  to  Hiigler,  they 
are  alive  after  from  fifty-six  to  one  hundred  days  in  dried 
pus. 

(b)  Dnf  heat :  According  to  Liibbert,  they  are  killed  in  one 
hour  at  80°,  and  killed  rapidly  only  at  from  110°  to  120°. 

(c)  Moist  heat :  Seventy  degrees  kills  very  quickly. 

(d)  Cold:  Are  alive  after  sixty-six  days  in  ice  (Prud- 
den). 

(e)  Disinfecting  agents  act  rather  slowly.  In  bouillon 
cultures  xiAnr  sublimate  does  not  kill  them  within  five 
minutes. 

Chemical  Activities. — (a)  Pigment  produ/^tion :  Pro- 
duces orangc^-yellow  pigment  of  the  carotin  group  (compare 
p.  66),  but  only  if  oxygen  is  admitted.  According  to 
Liibbert  and  F.  Gartner,  pigment  production  is  greater,  the 
more  oxygen  is  contained  in  the  air. 

(6)  Substances  thai  are  smdt  or  tasted :  Agar  cultures 
smell  like  glue  or  spoiled  yeast  or  paste  (Becker,  Passet). 

(c)  Gas  and  acid  formation  from  carbohydrates : 

Rather  abundant  formation  of  acid  from  ^ii>e-  and  milk-sugar,  but 
no  gas-formation.     It  forms  from  milk-sugar  :  lactic  acid  and  volatile 
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(d)  StUphureUed  kjfdrogm :  Rapid  and  abundant. 

(e)  Indd :  Only  a  little. 
(/)  Sometimes  it  produces  a  vigorous  fermentation  of 

urea  (Barlow,  Mann).     Other  cultures  are  almost  witliout 
effect  upon  urea. 

((/)  Poiions:  See  under  animal  esperimenta. 

Distribution. — (a)  Onimde  the  animal  organimi :  In 
iiiik,  wash-water,  dirty  water  (little  in  pure  water  and 
soil),  and  air  it  is  widely  dietribut«d.  The  Micr.  pyogenes 
makes  up  10%  of  the  micro-organisms  found  in  the  air  of 
surgical  operation  room  (compare  Ullmann,  Z.  H.  iv,  55). 

(6)  In  hcaUliy  body :  UjMjn  the  skin,  especially  of  the 
head,  in  the  mouth  and  vagina,  and  not  uncommonly  in 
the  cervix  uteri.  Also  found  in  the  milk  nf  healthy 
women. 

(c)  In  dineMfd  hunutn  OTgnnima:  All  procesees  accum- 
ptuiied  by  suppuration  or  only  inflammation  in  the  various 
regions  of  the  body  may  be  caused  by  stapliylococci,  and 
are  thus  caused  in  a  large  percentage  of  cases.  In  other 
cases  they  act  together  with  the  Strept.  pyogenes,  StrepC 
lanccolatiis,  Bact.  coli,  Bact.  typhi,  etc.  It  must,  how- 
ever, always  be  firmly  maintained  that  the  la^t-named 
orgiinisins  (as  well  as  some  otherH)  may  alone  equally  well 
cautic  su)ipunition.  _    ^h 

The  following  affections  especially  are  often  dependent   ^H 
upon  i^taphylococci  :  Acne  of  the  sel>aceous  glands,  sycosis    ^H 
oi   the   hair  follicles,   hydradenitis   of  the  sweat  glands,     ^H 
pemphigus,'  pblegnion,  furuncle,  abscess,  periostitis, o8ti.-o- 
niyeiitis,  septicopyemia.* 

"X^vs  rarel.v mnsc crraipelw ( Ji>rrlnu).  Fi1>rinonH inflnmnution  inny 
aim  W  lansni  by  lliviii  (rintlimniin).  (imdcni^m  and  Haiqnora  ob- 
"wvnl  (TOiiimiLi  iiiUniiimatuiti  of  iJiu  niwal  nintntu  Dminbruie  oaused 
hy  dtAphylocoM-i  (C,  B,  Vlir,  fill)- 

'  Oinsnlt  also  page  IW. 

*  iWili  hna  drmotiatrataiil  it  ii 
■iinliniti.   Sir|[i-rluiAmnstantl.vi!i 

■•rppttjoicioi  from  llif  nrine  in  aevi'iiux-n  nam  m  r«i>rii-  mm  mnu  m 
"Inr  rhcniiuttiKm.  The iitw'i isms  weru  nlinnrtsnl  during  the  di* 
^nd  diwupiwunil  with  rrcovery  (C,  B-  xviil,  130). 
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MICROCOCCUS   Fi'OGEXflS.  If^O 

Tlte  follDwing  inflammalioiiH  axe  nisn  iimlucatl  by  the  Micr.  pya- 
Eciies,  hal  more  rarely  than  liy  otiii^r  varleCiefi,  as  Strept.  laiic«olntu9, 
gtrept.  pyogenes,  etc.  :  pleuritia  aiid  pericarditis,  pneaiiionia,  hepa- 
titis, eto. 

(d)  In  diaeaeed  anivutl  organ'mn :  Just  as  ia  man  as  the 
causeof  suppuration.  Statements  that  animals  have  other 
causes  of  suppuration  tlian  man  are  errone«ua.  It  caused 
an  epidemic  osteomyelitis  in  guese  (Lucft)  and  a  disease  of 
gudgeon  (Charrin)  in  France. 

Experimental  Observations  Regarding  Pathogenic 
Effects. — There  is  an  extraordinary  variation  in  the  dis- 
position of  different  apparently  identical  experimental  ani- 
mals, as  also  in  the  virulence  of  the  micro-organiemB  them- 
selves. 

The  disposition  is  greater  in  young,  anemic  and  dia- 
betic animals.  The  virulence  of  micro-organisms  freshly 
obtained  from  an  animal  or  man  is  often  considerable,  but 
sometimes  even  in  this  case  it  is  slight.  By  growth  upon 
our  artificial  nutrient  media  it  is  sometimes  rapidly 
reduced  and  sometimes  almost  imi>erceptibly  changed.  By 
repeated  passage  from  animal  to  animal,  in  fatal  doses, 
the  virulence  is  increased  for  the  concerned  species 
(Temi),  also  simultaneous  inoculation  with  other  bacteria 
(Ortolani  and  De  Blasi)  or  their  metabolic  products  (for 
example,  the  Bact.  vulgare)  increases  the  vinilence.  In 
the  same  way  repeat^^d  anaerobic  cultivation  heightens  the 
virulence.  The  intensity  of  the  liquefai:tion  of  gelatin  is 
almost,  but  not  entirely,  parallel  with  the  pathogenic 
property. 
I  With  the  most  exalted  virulence  the  staphylococcus 
causes  no  local  suppuration,  but  a  gelatinous  edema,  hem- 
orrhages in  the  kidneys,  often  inflammatory  changes  in 
the  cudiac  valves  and  in  the  aorta.  The  relative  suscep- 
tibility of  animals  to  infection  with  staphylococci  is  shoivn 
in  the  following  decreasing  series  :  Horse,  dog,  man,  cat- 
tle, sheep,  rabbits,  guinea-pigs,  mice.  In  the  last-named 
I  numerous  bacteria  are  necessary  for  infection. 
I  Subcuianemis  ijtjections  cause  absceeses,  but  a  rather  large 
I  number  of  germs  (according  to  Herman,  50,000,000  indi- 
^  viduals  equal  1  c.c.  of  culture)  fmni  ii  not  higbl 
t  culture  is  rofniired  tn  An  this  in  rabbits. 
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Intraperitoncrdly  largt-  quaiiUtieB  (13  c.c.  juid  more) 
are  borne  by  rabbita ;  intuctiun  of  the  iilmira  and  surface 
of  the  lung  has  ottt-n  been  undertaken, 

IfUravetwtis  injection  causes  endocarditis,  especially  after 
previous  injury  of  the  valves  of  the  lieart,  and  usually 
also  nephritis.  The  hyperemic  kidney  shows,  macro- 
Bcupically,  yellowish,  wedge-shaped  areas  in  the  cortex, 
in  which  the  straight  urinary  tubules  are  filjed  partly  with 
casta  partly  with  cocci,  and  some  are  empty  and  com- 
pressed.    Cocci  are  found  in  the  urine. 

Injrctiim  inin  joints  causes  suppuration. 

Ill  ni'in  :icn(',  fiirundes,  and  phlegmons  have  been  pro- 
dui'L'il  l.v  rulilijiij;  into  the  skin. 

Toxins,  Immunity  and  Immunization.— The  filtered 
bouillon  culture  contains  toxic  substances  which  act  in- 
tensely. Injection  of  this  into  the  peritoneal  cavity  of 
dogs  causes  a  sero-bloody  peritonitis,  ecchymoses  in  the 
serosa  and  mucous  metnbniiie  of  the  intestine,  and  death 
from  bloody  diarrhea.  By  suitable  modificjition  of  the 
toxic  property,  quantity,  etc.,  of  the  ijijected  metabolic 
products  Kraft  coul'I  produce  all  the  forms  o(  typical 
peritonitis. 

Subcutaneous  injection  of  the  filtered  bouillon  culture 
produces  ali  the  processes,  from  a  doughy  swelling,  which 
disappears  without  suppuration,  to  typical  suppuration, 
even  to  fibrino- hemorrhagic  necrotic  inflammati<}n.  This 
depends  upon  tho  virulence  of  the  bacteria  employed. 

Acoordint;  t»Vi<|nernl  (Z.  t.  B.  XVltt,  487),  the  bonillon  cnltore 
oont&iiia  HO  sjiccifio  pobions.  only  pyogpnic  boilies,  wlikih  are  widely 
disbilnitiMl. 

Aftfr  rfjiraUd  injectwng  of  sU'rilized  or  filtered  cultures 
different  authors  have  ohtjtineil  entirely  different  results. 
We  quote  only  two  examples: 

Ibkhel  oliwrvod  a  (tf*"**""  "^  '*™  rcsiataDoe  to  Intrnperitoueal  in- 
ttoHuD  of  tliiT  Btniilij'loi.'ncous  ^iimns  in  auimnls  nhjob  lie  had  injeet«d 
mtnijitTitiiinTiliy  for  n  lonfi  time  at  intervals  o(  fniui  two  to  five  diiys 
with  lllttTi-il  iir  otherwise  st«rilis«<d  bouillon  or  (telatin  culture,  and 
even  n  tvlntiiv  imniutii^  againnt  tlie  pns cocci  tliemietves.  Nannotti 
<it»(wnl  only  climnic  Intoxiraldon  atul  no  imoiuniuition  in  animtilB 
wlilch  IumI  ri<^-iviid  nutny  injections nf  ttie  nietabolio  prodnota. 

Acouitliiiu  to  Ibidct  and  Conruiont,  tliis  oontradirtion  is  oipl»lned 
V  tlw  simultiutwititi  prcacDDc,  but  ill  voryiug  prupurtioD,  at  un  iniinu- 
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nizing  and  a  predisposing  substance,  the  former  being  precipitated  and 
the  latter  soluble  in  alcohol.  Tavel  was,  however,  unable  to  produce 
immunity  with  the  alcoholic  precipitate,  the  animals  either  dying 
from  chronic  intoxication  or  succumbing  to  an  additional  injection 
with  virulent  cocci. 

The  serum  of  actively  immunized  animals  luis  no  noticeable  effect 
upon  the  Micr.  pyogenes  in  vitro;  it  is  also,  so  far,  of  scarcely  any 
practical  value  for  producing  passive  immunity. 

Special  Culture  Methods. — Isolation  is  accomplished 
most  rapidly  by  means  of  agar  plates  at  incubator  tem- 
perature. The  potato  culture  is  best  for  the  study  of  the 
chromogenesis.  Milk  cultures  and  animal  investigations 
are  necessary. 

Micrococcus  pyog^enes  y  albus  (Rosenbach). 

In  all  resi)ects  like  the  Micr.  pyoj:jenes  a  aureus.  See 
Plate  9,  I  and  ii,  and  the  remarks  on  page  181. 

Here  belongs  the  Micr.  ureie  liquefaciens  Flugge  (com- 
pare page  71). 

Micrococcus  pyog^enes  /9  citreus  (Passat). 

We  have  studied  this  organism  only  in  a  culture  ob- 
tained from  C.  Frtinkel,  and  designated  by  him  as  identi- 
cal with  the  Micr.  flavus  (page  178).  It  did  not  coagu- 
late milk  and  produced  a  slow  liquefaction  of  gelatin  with 
formation  of  air-bub])les.  A  Micr.  pyogenes  citreus  is 
said  to  exist,  however,  which  corresponds  entirely  with 
the  Micr.  pyogenes  aureus  except  in  the  color.  With  this 
the  results  of  cultures  by  R.  0.  Neumann  agree  (page 
181). 

Varieties  Closely  Related   to  or   Identical   with   the 
Micrococcus  pyog^enes  Ros.  (L^hm.  and  Neum.).^ 

Micrococci  in  Variola. 

Vanaelowand  Czaplewski  ( Viertoljahrsschr.  f.  gerichtl.  Med.,  1899, 
Heft  1)  believed  they  hiul  found  an  organism  closi'ly  connected  with 
the  variola  process  in  what  wius  previously  nanicnl  by  Klebs  the  Micr. 

'  The  old  names,  Staphylococcus  cereus  flavus  and  Staph,  cereus 
albus  PaKset,  can  not  be  sharply  defincHl,  and  can  well  be  dispensed 
with.     These  varieties  are  rarely  cultivated  from  pus  and  grow  upon 
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quadrigeminui  Klebe.  It  was  very  like  tbe  Micr.  \r^r^eaa  slhm. 
<  However,  it  liquetied  flolidilied  litood-flcram,  which  the  t)-picsl  Mitr. 
pyq^nes  is  said  not  to  do;  itsoilur  is  reridi^,  hot  in  thin  property  is 
vniinhle,  as  is  lo  be  exported.)  They  have  already  retracted  this 
hai^ly  probable  suspicion  (C-  B.  xsv,  546). 

AlniDst  simnltaueonidy  Sntifelice  and  Malato  (C.  B.  xxv,  &I1)  have 
reported  that  a  coccoa  can  be  constantly  caltivated  fromcweAnf  vnriolA, 
which  can  not  be  diSerentiated  moipbiilogicalty  from  the  Micr.  s ' 
atinms,  bat  diflcts  in  its  patJiologic  action  tram  all  other  coltures  o( 
Micr.  pyogencM  isolated  by  tbe  antliors.  WhcD  injt«t«I  inio  Uio  cir- 
calatiDn,  hyperemia  of  the  skin  ami  mucona  menibnuie  and  shortilj 
outlined  bemoTThofies  occur. 

Bqcarding  the  mocb  controverted  "Cyt«ryBte9  vnriobc"  Gmr- 
nieris,  of  the  group  (rf  protosoa.  consult  tht  literature  in  Galli-Valorici^ 
Kritinche  Uebeiaicht  liber  den  Zusammenhang  der  VorioU  niit  VaociiM 
(C.  B.  xxv,  SyO  and  424). 

Staphylococcus      pemphigi     neonatorum     Almquist  ' 
(Z.  H.x). 

According  to  Strflitz  (C.  R.  xill,  107),  tbe  Micr.  pyoRpnt*  iw  itsell 
the  cause  of  pemphigus,  and  beitidee  being  cnllivated  fnna  pprnphif^H 
vesicles,  is  able  to  reprodnoc  the  condition.  1.)Uitir8  ohiAinod  simitar 
results  ;  for  example,  BodenatAb  (ooinpure  Voxel)  fiiuml  that  four  ch" 
dren  cared  for  by  the  same  midwife  (levelopnl  pemphigus  within  t' 
weeks  (C.  B.  xxi,  2^^). 

Micrococcus  biskra  Heydenreich. 


,,  ...  the  description  of  Hevdenreicb,  it  con  not  be  difltTon- 

Ibrtfd  tmni  till'  MiOT.  pyotc.  a  Hnreus'tC.  B.  V,  liill).     The  slatpnient 

•—  Chantemcsse  (C.  B.  V.  -231 1  that  the  (t«l«tiu  is  very  slowly  li<ineBed 

>  appliv*  to  many  cullnren  of  MitT,  pyngencs.     Chantcmtase  give* 

'*^~~  poinis  for  diSerentiatiou  from  the  Miw.  pyogenes,  its  whilidt 

t>]iun  Ofcnr,  and  itx  Inxtirinnt^  mpid,  wnterr  and  orange-red. 

I  tbe  gelatin  Rbib  as  a  faintly  nhining,  wnxy  depnrit  wilii : 

thick  Innler.      Bi)th  varieties  arc  cloBely  relatml  to  the 

ju,   cSlri'Us  anil  y  allius-     They  often  pots  oh  fcinns  of  tbrae,  bnft 
^™««ntioU^I,  flooording  to  Uie  iiwofllcient  description  at  hand,  by  • 
^ffi??*''  ligncfoction  and  alight  or  no  pathogenic  quality. 
"^'thoiit  b^ingable  IobIiow  thia  inler)irelation  to  be  ineontrt,  « 
StM*"""  ""'*<?■  noiUistlbeMkrt-.  oereiisalhratwag  found  by  «w 
(2  J°*^niiral  with  tlie  Micr.  candicana  FlllgBe,  with  the  exof^ion 
""WlfT  ai(e.     y^e  w^  not  fiiuiiliar  with  the  Mkr.  cercus  flavnai 
I*''i>ap8  belong  to  Micr.  auirureiw  Zimmemmnn. 
»•  Dipi,  petnphiyj  acuti  Demniu,  nnptwa  dillercnt.     la  grow 
■•  '«»ouUior  t«np<mlure  (Cong.  inn.  Med.  WicabadcD,  IBSe). 
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growth  npon  potato.  These  charactoristics  arc  not  snfficicnt  for  seiia- 
lating  it,  especially  as  Heydcnreich  does  not  dcscTil>e  )iis  potato  cul- 
tures as  essentially  di£fen.^nt  from  those  of  the  Micr.  ]>yo^nes.  liapt- 
Bchewsky  declares  (C.  B.  vi,  504)  the  Micr.  biskra  identical  >%ith  the 
Micr.  pyogenes,  and  prefers  to  consider  a  streptococc^us  us  the  cause  of 
the  disease. 

Micrococcus  of  gangrenous  mastitis  in  sheep,  Nocanl  (A.  P.  i  417). 
Staphylococcus  hiemorrhagicus,  K.  Klein  (C.  W.  xxii,  81). 

De  Jong's  Staphylococcus  bovis  is  said  to  ]>e  diffrront  from  the 
Micr.  pyogenes.  Injected  sulicntaneously,  intraiHjritoneally,  and  iii- 
trayenonsly  it  is  pathogenic  for  mbbit.s,  do^s,  and  guinea-]>igs. 
Neither  its  white  nor  its  yellow  form  li(|uefies  ^'latin,  in  8])ito  of 
luxuriant  growth  ;  milk  is  not  coagulatcil ;  in  1)ouillon  it  forms  a 
delicate,  tenacious  sediment. 

The  cause  of  a  circumscribed  falling  of  hair,  without  disc^ilora- 
tion  of  the  hair-lK*d  and  without  a  t<'n<]t'noy  to  spread,  is  found, 
aooonling  to  Vaillard  and  Vincent,  in  a  white  lifjuefyin^  wkvus,  1  n 
in  diameter,  which  corres}>onds  throughout,  in  its  growth,  to  the 
Micr.  pyogenes  y  albus  (A.  P.  iv,  IHIK),  AA(\), 

(Literature  by  Hollbom,  C.  B.  xviii,  47,  1()8.) 

Micrococcus  bicolor  (Zimmermann). 

Bound  cocci  from  1.2  /i  to  l.(>  /i.  Gvlatin  plate :  At  first  yellowish, 
micculent,  elevat«'d  ;  lat^r,  orange-yellow,  slowly  sinkinjr,  oily  looking 
colonies  of  round  fonn;  besides  these  there  are  othrrs  about  the  siuue, 
but  white  in  color.  Magnified  sixty  times  they  are  even-lH>nlen'<l  and 
faintly  granular.  Gt latin  stab:  SuiHTlioial  ^rowtli  is  white,  with  a 
slowly  forming  cup-shaiKnl  Ii({uefju'tion.  The  ^owth  along  the  stab 
is  thread-like.  Af/ar  plate  is  like  p-Iatin,  and  also  prestMits  gniy  and 
yellow  colonies  intermixed.  Agar  tttrtak:  Succulent,  whitish  or  gray- 
ish-yellow growth  with  oran^^-yellow  islands  and  i)oints.  The  surface 
growth  in  tlie  a^ar  stab  always  presents  more  or  less  jK'rfet^t  gniy  and 
orange  sectors,  from  which  it  is  often  ])ossible  to  obtiiin  pure  ^ray  or 
pure  orange-colored  growths,  but  which  in  following  gciifrations  a^in 
produce  the  two  colors.  Bouillon  Ix'comos  dilTnsely  cloudy  with  motl- 
erate,  firm  prwipitate.  Milk  becomes  a  little  iwUl  and  n-mains  fluid. 
Upon  2^  peptone  bouillon  it  fonns  a  tnice  of  lIj,S  and  indol.  We 
have  obtained  this  oiganism,  which  wjis  Lsolatwl  by  Zinnnermann  fn)m 
tap- water,  from  gastric  cont<Mits.  The  Micr.  cremoides  Zimmer- 
mann is  very  closely  related  to  this.  We  were  entirely  unable  to 
differentiate  the  cultun^  obtained  l)y  Zimmcnnann. 

Also,  the  Micr.  aurantiacus  Cohn,  which  wc  obtainc<1  from  Kn'il, 
is  distinguisheil  only  by  tli*^  al)senci^  of  litjucfaction.  We  have  also 
obtained  from  it  white,  oningt*,  and  strijK'd  cultures,  which  pass  from 
one  into  the  other. 

At  present  ire  ran  gii^.  no  other  (leriaire  eharaeterinties  of  the  Micr. 
bicohr^  aurantiaens,  and  enm  of  the  Micr.  eanilieam  as  differing  from 
the  3firr.  pyogcuLS  except  the  pathogenic  action  in  animals  and  abnence 
of  liqucfacHon, 
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Micr.  roseus  (Bumm)  (Lehm.  and  Neum.). 
(  Plate  11.) 

Synonyms. — Diplococciis  roseus  (Bumm)  Fliigge. 
See  end  of  section. 

Microscopic  Appearance. — Round  to  irregularly 
roundish  cocci  (from  0.6  /itn  1.0  it'),  often  with  rather  widt? 
line  of  division  in  the  cocfi  (11,  xm),  ^t  otliiT  times  more 
complete  cocci  lie  together  in  pairs  nnd  i-mall  ■^ruups. 

Motility  is  lacking.     Conipnre  pape  l'J2. 

Relation  to  Oxygen,  Nutrient  Media,  and  Temper- 
ature.— Grows  slowly  upon  all  nutrient  media,  best  at 
room  temperature,  also  at  37°,  In  shake  cultures  it  grows 
only  near  the  surface,  the  deep  colonies  only  very  slightly. 
Pigment  is  only  produced  when  air  is  admitted. 

Gelatin  Plate. — (a)  Natural  sixe:  Svperjicial,  irregu- 
larly roundish,  small,  rose-red.  After  a  long  time  they 
beconin  somewhat  larger,  evenly  elevated,  shining.  The 
diep  colonies  grow  very  little.  After  weeks  the  superficial 
ones  sink  gradually  into  the  gelatin. 

(/))  Mntptified  fifty  times:  Round  or  roundish  colonies, 
almost  even  borders,  rather  finelv  granular,  colored  pale 
to  rose-red,  The  deep  appear  tiie  same,  only  they  are 
smaller  (11,  vii). 

Gelatin  Stab. — Slih:  Thread-like.  After  several  weeks 
the  gelatin  begins  to  liquefy  in  a  cylindric  form.  After 
thri-e  months  the  growth  has  sunk  in  about  1  cm,  Sur- 
Joft  njifmtrnnee :  Roundish,  sometimes  lobed,  rose-red 
growth,  whii'h,  later,  on  account  of  the  liquefaction  of 
the  gelatin,  is  almost  entirely  lost  (11,  i). 

Agar  Plate. — (n)  Nntvral  sixe :  Like  gelatin. 

{l>)  M<i<inifiM  fifty  time*,  Superficlnl:  Bound  or  round- 
ish colonies  with  even  orsomewhat  wavy  border,  yellowish 
tji  red,  from  the  most  delicately  punctated  to  ctiarsely  gran- 
ular (11,  V),  transparent,  more  intensely  colored  toward 
the  center.  Peep  ;  Itoundipb  to  wln-ts tone-shaped,  border 
smooih  or  granular,  finely  to  coarselygmnularUl,  v,  vi), 
OjKitinc.  rl.irker  than  the  superficial  in  cnlor. 

Agar  Stab. — Sliili  nnml :  Thread-like,  later  granular 
(ll,  in).  SurftKf  ffrmcth :  Itcnmdisb,  evenly  elevated,  oily, 
ttwe-reO,  of  the  consistency  of  butter  (11,  iv). 
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Agar  Streak. — Growth  spreads  little,  smooth  border, 
wavy.     Water  of    condensation  clear,    reddish  sediment 

(11,  n). 

Bouillon  Culture. — Clear  (only  rarely  more  or  less 
cloudy).     Sediment  reddish,  abundant,  and  colierent. 

Milk  Culture. — Usually  unchanged. 

Potato  Culture. — Limited  to  streak,  faint  rose,  with 
oily  luster,  somewhat  elevated,  often  surrounded  by  a  whit- 
ish, glistening  zone  (11,  x). 

Special  Nutrient  Media. — If  theMicr.  roseus  is  grown 
upon  the  culture  of  a  representative  of  tbci  subtilis  or 
anthrax  group  its  colonies  grow  considerably  more  lux- 
uriantly and  take  on  a  more  intense  color  (11,  ix). 
(Doubtless  on  account  of  the  alkalinity  of  the  j)ot4ito.) 

Distribution. — (a)  Outside  the  hmJjj:  Very  common 
and  widely  distributed  air-organism,  scarcely  ever  absent 
from  a  plate  from  the  air  in  \\'urzburg. 

(5)  Inside  the  hodif :  Not  dc^monst rated. 

We  have  closely  compared  tliis  fun^ns — wbicli,  I  Iwlieve,  waa  pri- 
marily described  from  Wurzbur^  na  ' '  rost^-colored  diphx^xxjiis  "  of 
Bnmm — with  the  following  importwl  varieties  : 

1.  Micr.  agilis  Ali-Cohen,  isoLited  by  l*rof.  Ziiiimerniann  in  Cliem- 
nitz. 

2.  Micrococcns  agilis  Ali-0)ben,  hy^enic  institute  in  Beriin. 

3.  Micrococcus  rostnis  (anthor?)  fnini  Prof.  A.  Fiseher  in  I^ipzig. 

4.  Micrococcns  tetra^enus  ni})er.     Fn)ni  Knll  in  Prague. 

5.  Staphylococcus  roseus  Tavel.     From  Prof.  Tavel  in  Ik»m. 

6.  7,  8,  9.  Four  air  niicrococci  from  WUrzburg,  which  at  first  ap- 
peared to  differ  somewhat  upon  the  plat<»s. 

10.  A  red  micrococcus  from  the  stomach. 

The  result  of  these  comparisons  wiis  that  these  ten  oi^nisnia  all 
belong  to  the  Micrococcus  roseus,  ^  of  which  we  cjin  distinguish  two 
fairly  sharply  separated  varieties.  ^ 

*  According  to  the  description,  the  Micr.  einnabjin'us  F'liijgje,  cinna- 
barinus  Zimmermann,  Micr.  carneus  Zimmermaiui,  may  also  b<*  in- 
serted among  the  varieties  ditTerentiatetl  by  us.  The  ^'newmicm- 
coocus"  from  red  milk,  recently  descrilMjd  by  Keferst<?in  (C.  H.  xxi, 
177),  appears  also  very  closely  relat«f<l.  The  Micr.  latericius  Freund 
(C.  B.  XXI,  834)  apx)ears  somewhat  different,  yet  the  ex])eriences  ob- 
tained in  the  study  of  the  group  of  the  llact.  prcKligiosum  remind  us 
to  be  cautious  in  the  formation  of  new  varieties. 

'  We  have  observed  wliite,  yellowish-red,  rose-re<l,  and  carmine- 
red  sectors  upon  agar  in  both  varieties.  They  are  connected  by  transi- 
tioii  forms. 
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iHlcr.  roseus  (Lefam.  and  Neiim.]. 

(n)  Typicua.— Apir  strisik,  roso  to  carmine,  more  rarely  whitialk>'] 
reil.  Streiik  ujinu  the  subtil iH-i>otnt<>  (oompnre  above),  deep  oarmiiw- 
red.  Milk  uuchoDged,  with  beantiful  roee-red  precipitate.  Here  be- 
loug  the  Mier.  ngilia  of  Zimmernianu  trom  Berlin  and  three  of  our 
air-conoi. 

(/))  RoBCO-fulvUB — AKar  Htreak,  reddinh-yellow  to  Termilion-red. 
Stre^  npou  Hubtilis-potato,  orange-red.  Milk  not  coagulated,  with 
yellowisli-red  crunni  layer  and  yellowish-red  precipitate. 

Here  belong,  aocording  to  our  investigations,  Micr.  tetragenus  ruber 
EiAl,  Micr.  roxens  A.  F^Dher,  Staph,  roeena  Tavel,  and  one  of  oor  air- 
oooci ;  perhapA  also  the  Micr.  fnlTua  Cohn,  which  is  very  insufficiently 
d«ecritied. 

But  we  must  go  a  step  further  still.  The  Sarcina  rosea 
Scliroter  (coinpiire  p.  162)  also  stands  in  close  relation 
to  the  de8crU>ed  varieties.  The  Sarc.  rosea,  obtained  from 
KrAl  (it  belougs  to  the  variety  roseo-fulva),  forms  beautiful 
earciua  balls  upon  fluid  but  not  upon  solid  nutrient  nie<lia, 
but  was  otherwise  not  t«  be  difierentiated  (coniiwre  p. 
163).  After  we  hatl  kept  our  ten  red  cocci  u\ma  hay 
decflction  for  a  month,  one  of  our  red  forms  (from  air) 
produL-eil  typical  sarcina  packets,  while  the  others  were 
only  hroiifflit  tn  produce  tetrads. 

Tims  also,  Ihe  Sarcina  rosea  may  be  thought  of  us  the 
forma  sarcinica  of  the  Micrococcus  roseus.  The  Micr. 
corallioidcs  Cantani  (C.  B.  xxiii,  309)  is  also  very  closely 
relnletl,  according  to  the  description  of  the  author,  hut  the 
name  "conillioides"  (rectius  "corallioides")  is  already 
givcJi  to  another  organism  (p.  175). 

Our  point  of  view  deniamls  a  special  explanation  regard- 
ing the  interesting  organism  found  by  Ali-C-oben  and 
Zinimemmnn  in  water. 


Micr.  agllis  Ali-Cohen  (C.  B.  vi,  33). 

Wi>  hiive  not  seen  spontimeiiuK  inotimi  nor  a  JUiiielltim, 
i4lhur  in  ihc  culture  from  Berlin  or  in  the  one  from  Kriii, 
in  spite  of  all  our  pains,  as  growing  upon  slant  of  5% 
milk 'HUgur  agar,  upon  sugar  haynlecoction,  bouillon,  etc., 
eiuployment  of  higher  and  lower  tempemtures,  young 
and  old  cultures,  etc.  Neither  culture  is  to  be  differ- 
'ntialwl  from  our  Micr,  roseus. 
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since  it  is  not  to  be  Jaubted  that-  Ali-Coheu  saw  motion  Mid  I^fRer, 
Mif^ilBi  1^  others  have  staiued  loag  Sagella,  so  ne  must  now  conceive 
o(  our  Micr.  agilis  only  as  a  Micr.  maens,  which  once  possessed  flagellA, 
anil  then  lost  them. 

We  believe  our  ohseri'stian  ia  of  primary  aiftnificajice  in  claasifica- 
tioa,  as  many  inveetiKators  consider  the  flagella  as  a  very  important 
and  constant  dilTerentutl  aid.  Migula  lias  formed  a  genos  planococcus 
for  the  Micr.  a^Iis ;  without  our  observations  we  should  have  as- 
sented. But  being  in  possession  of  this,  it  seems  to  ua  thftt  our  con- 
ception is  at  present  more  natural  tluu  the  other  possible  one,  namely, 
that  the  Planococcus  agilis,  because  ot  the  lo»)  ot  ite  fla(;^lla,  can  no 
longer  tH>  distinguished  from  the  Micr.  rosens,  but  that  it  still  belongs 
to  &  different  genus. 

Micr.  cerasinus  (List.)  (Lehm.  and  Neum.). 

MiorocooeuscerasinussiccusList.  (Adametz,  "  Baktericn  der  IVink- 
nud  NutzwIsHer''). 

Very  small  ofioci  of  0.3  /i.  Upon  gelatin  cherry-red,  without  liqne- 
faolion.  Upon  potato,  dry,  tprtading  deposit  of  cbeny-red  oolor. 
Pigment  insoluble  in  alcohol  and  Rther;  whether  in  water,  we  do  not 

Micr.  erythromyxa  (Overbeck). 

Compare  8arcina  erjthroiiiyita,  page  18^.  Sarcina  formation  seema 
to  be  entirely  absent  at  times. 

Micr.  cyaneus  (Schroter)  (Cohn). 

Ffffms  a  eolialt-bliie  deposit,  pigment  soluble  (1)  in  water,  turns 
red  with  acids,  bine  returns  with  alkalies.  Schrotcr  also  descriluM)  a 
variety  of  this,  pseiidocjnnea,  that  at  first  prudnwd  verdigris-green, 
either  remaining  «n  or  later  becoming  binish-green  to  blue.  So  tar 
it  hon  not  been  further  described.  Obtained  fnmi  the  air  in  Breslnu. 
Keesntiug  the  Micr.  cyanogcnus,  consult  Fammfl  and  Combs  (C.  B. 
L.  11,764). 

n.  FAMILY  BACTERIACEAE  (ZOPF  EMEND. 

MIGULA). 

(For  diagni>sis  of  niuiily.  see  p.  124. ) 

I.    Bacterium.' 

Cells  at  least  one  and  a  half,  but  usually  from  two  to 

Bix,  tinioB  as  long  as  broad,  straight  or  bent  in  a  plane 

'  The  "hooteria"  ot  tuberculiMis  and  diphtheria  and  those  closely 
related  to  thrm  are  to  be  looked  for  in  Appendix  I,  Aotinomycetes 
(ooropare  p.  137). 
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(compare  p.  124),  sometitnea  forming  long  true  or  ap- 
parent threads,  with  or  without  flagella.  Always  with- 
out endoHpores;'  in  single  varieties  artliroBporeB  are  de- 
scribed. 

Many  hundred  spore-free,  short  rods  have  been  de- 
scribed, and  the  need  of  arranging  them  in  a  natural  sys- 
tem,  founded  entirely  upun  morphologic  peculiarities, 
was  strongly  felt  The  only  characteristic  which  is  ques- 
tionable is  that  of  flagelln,  and  we  acknowledge  that  t)ie 
system  founded  by  A.  Fischer  and  Migula  upon  the 
flagella  appealed  to  us  very  favorably  until  we  had  our- 
selves worlted  extensively  with  the  staining  of  flagella.  The 
results  of  these  extensive  and  careful  studies  were  unfor- 
tunately not  of  such  fl  nature  as  to  allow  a  classification 
founded  upon  the  number  and  arrangement  of  the  fiagella 
to  appear  practical.  Especially  the  statements  in  the 
literature  regarding  flagella  are  often  inexact,  and  a  num- 
ber of  inaccessible  varieties  could  not  lie  classified  at  all. 
At  times  we  observed  that  closely  related  varieties,  as  in 
the  colon  group,  occur  whit:h  have  either  one  flagellum  or 
many  or  no  flagella.  What  appeared  yet  worse  was  that, 
as  in  Bacterium  violaceum,  we  found  one  form  with 
flagella  on  all  sides  ;  another  with  only  one  or  with  one 
polar  and  one  lateral  flagellum.  Migula  found  it  to  have 
one  polar  flagellum. 

In  addition,  there  are  the  experiences  which  we  have 
encountered  r^arding  the  permanent  loss  of  flagella  in 
Micrococcus  agilis  AH-Coben,  Micrococcus  agilis  Menge, 
and  Sareina  mol>iHs,  and  rej^rding  the  acquiring  of  motil- 
ity by  the  Bacillus  implexus,  and  reported  in  this  book. 
If  we  ourselves  have  not  ohserved  similar  occurrences  in 
any  bacterium,  we  find  the  statement  made  by  Grermano 
and  Maurea,  that  they  have  twice  seen  non-motile  cultures 
of  the  typhoid  Imcterium, 

Finally,  we  feared  to  scare  the  beginner  from  making 

'  Upon  onlinnry  mnlia  (boniUon,  (^Intin,  ognr,  potato)  these  varie- 
tiei  nvver  posnPHs  npores.  Ah  already  remarked,  ne  were  also  DimblB 
(with  a  <IoDlitrul  exo«pt<ioii  in  the  Biwt.  viuhioenm)  to  obetrt'e  H|K>ro- 
fornMtion  u|)un  ijiiinue  luid  mandinudlnwcJeooution  in  those  previously 
muidcivil  HH  not  torminij;  apnnti.  Migula  aeems  (o  liave  beeii  more 
fortunate,  but  gives  no  purtiuuLuB, 
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differentiations  if  we  placed  before  him,  iis  the  first  ques- 
tion in  the  table  of  dinerentiation,  the  character  and  num- 
ber of  the  flagella  ;  for  if  the  staining  of  tlagella  is  no 
special  art,  yet  it  requires  care  and  patience,  and  does  not 
yield  regularly  good  results  even  to  the  exj)ert. 

We  have  therefore  bec^n  required  to  select  the  appear- 
ance of  the  cultures  in  plates  and  the  ])roduction  of  pig- 
ment as  the  irai)ortant  points  in  tlie  separation  of  the 
bacteria,  although  we  well  know  (and  also  always  men- 
tion it)  how  easily  the  production  of  pi<;nient  is  lost  in 
some  varieties,  Accordinji;  to  our  (ronviction,  however,  at 
present,  the  proper  definition  of  a  Bact.  violaccum,  syn- 
cyaneum,  etc.,  which  has  l)ecoine  colorless  would  consti- 
tute an  (almost)  insurmountable  difficulty,  no  matter 
how  one  might  construct  the  key  for  differentiation. 


Key  to  the  Recognition  of  the  Most  Important  Vari- 
eties of  the  Genus  Bacterium. 

L   POBMING  rrON   Nl'TRIENT  MkDIA,   lioiNDISlI   COLOXIK^    WITH- 
OUT    OUTOROWTIIS     OR     LoViJEU     JvADIATIN'O     l*UOCF>J;S£S,      NO 

Branches  in  ( ;  el  ati  x  St  a  h. 

{A)  No  growth  upon  ordinary  nutrient  media  ;  on  the  contrary, 
very  delicate  growth  upon  inorganic  saline  solutions.  Forms 
nitrate  from  nitrite,  or  nitrite  from  ammonia. 

Forming  nitrite  fnnii  ainmoiiin,  Bact.  nitrosomonas  (Win.),  L. 
and  N.,  page  20e. 

Forming  nitrite  from  nitnito,  Bact.  nitrobacter  (Win.),  L.  and  \., 
page  200. 

(B)  Scarcely  any  growth  on  ordinary  media,  but  grows  well 
upon  pea-leaf  decoction  containing  cane-sugar,  gelatin,  and 
asparagin.  Assimilates  the  nitrogen  of  the  air.  Grows  in  the 
root-tubercles  of  leguminous  plants. 

Bact.  radicicola,  IVijerinck,  jNi^e  S3. 

(C)  Upon  the  ordinary  nutrient  media  (including  serum  and 
glycerin-agar)  only  a  very  scanty  growth.  Delicate,  drop-like 
colonies.     Not  stained  by  Gram's  method. 

1.  Small,  thin,  iion-inotile  rcnls. 

(a)  For  growth,  the  addition  of  a  little  blo<Kl  is  necessary.     Bact. 

influenzae  (K.  PfoifTer),  L.  and  N.,  jMigc  20:>. 
(6)  Grow  alHO  without  hUKKl.     Bact.  segyptiacum  (Kwh- Weeks), 

L.  and  N.,  page  201.     Bact.  tussis  convulsivae  (Czapolew- 

sky),  L.  and  N.,  ]iage  205. 

2.  Ijikv^f}  rods  arranged  in  pairs.  Bact.  duplex  (Morox),  L.  and  N., 
page  206. 


196        IMPORTANT  VAniETIES  OF  FISSJON-FUKGI.  ^ 

3.  Chains  of  Hlender  rmls.     Bact.  ulceris  cancroai  ( EniBe),  L.  And 
N-,  page  aOT. 

{D)  Crow  well   upon  all  ordinary   nutrient   mcdis,   eapecially 
upon  agar  and  gelatin. 

/.  Colonka  and  nutrirat  mrdia  rcnnin  colortrm, 
(A)  Gelatin   nut  liquefied,   orgatusma  without  flagolla,  non-mo- 
tile, 
-f-.  No  visible  gns  tonneil  troni  gmpc-supw. ' 

1.  Not  atnined  by  Gram's  method.  When  coming  from  tho 
animal  body  they  bIiow  polar  stainini;.  Form  abnnduut 
acid  [rum  K>wi>e-  and  iiiillc-KDgm'.  Milk  often  not  ootgn- 
latiil.  Growth  on  potato  usually  poor,  whilixh-Kray. 
Bbci.  septiciemiK  hEmorrhagicie,  HUppe.  ]iagu  2(M.' 
3.  Very  simitar  to  1.  GauscM  tuhcrculuua-like  changes  in  the 
animal.  Bact.  pseudotuberculosiB  rodentium,  L.  and 
N.,  pege  213. 

3.  Very  similar  to  1  j  usnallj  still  more  delicate.     Tendency 

to  formation  of  mvolutiou  forms  upon  ohlorid  of  sudiam 
^!ar.  Bact.  pestis  (YeiBin-Kitoaato),  L.  And  N.,  page 
213. 

4.  Stains  by   Gram's   rnethod.      Growa   poorly   npon   solid 

nutrient  medin  ;  nuirkMl  foniiation  irf  wjd  from  Hujtar ; 
milk  is  ooogulated.  Bact.  Giintheri,  L.  and  N.,  pnge 
223. 

5.  Stains  by  Gram's  method.     Abnndant  growth  upon  solid 

nntrtejit  media.     No  formation  uf  acid  from  milk-sngar. 
Hilk  beeomui  slimy.     Bact.  lactis  viscoBum  (AtlameUI, 
L.  and  N.,  poRe  2.T0. 
-|--l-.  Evident  gas-formation  from  gmpe-eugar  ;  closely  ri'lnted 


1.  Stains  liy  Gram's  method.     Marked  termentation  of  milk- 
miffii.     Milk  coagulated.     Bact.  acidi  Uclid,  HU{ipe, 
page  330. 
3.  DoeH  not  stain  by  Gmm'a  method. 

X.  Phosphorescenoe   when   oxypen   is  admitted.      Bact. 

pbospboTCBcens,  B.  Fisober,  popie  2.11. 
XX-  No  phosphorespfnce  when  oxygen  is  admitted  (group 
of  the  Boot.  pneumoniK  Friedlitiider), 
(a)  Fermentation  of  milk-su|tar  with  liberation  of  gas. 
Milk  uoaKuhttiHl.     Bact.  aKrogenes,  Ewhifrich,  L. 
Mid  N.,  page  231. 
{ji)  Femientatinn  of  milk-sugar  without  lil>erntion  of 
gns.      Capsules   fornied   in   animal.      Bact.   pncu- 
rooniK,  Friedl. ,  page  2"^.^. 
(B)  Gelatin  nut  Iii|ut'l1ed.     OrgnnifliiiH  motile,  with  many  peri- 
trii^hous,  mrely  with  one  or  n  lew  jnlnr  flafiplla. 
(a)  No  fermcntAtion  of  siignr  with  lonnnlion  of  gas.     Milk  not 

I  Sm  thn  n^^uuiat  rKgnrding  aur  mntmdiL'tory  lindings  in  <!onneo- 
"p  with  Iii)nk'r'8  swine  plague. 
■Sec  also  Boot.  hwiuorrbi^pL-uiu  ^Kulb),  L.  und  N. 
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ooagalatcd.     No  indol  formation.     Bact.  typhi, ^  Gaffkj, 
Eberth,  page  232. 
{P)  Fermentation  of  grape-sugar  with  formation  of  gas.     Milk- 
sugar  affected  only  slightly  or  not  at  all  and  without  forma- 
tion of  gas.     Milk  not  coagulated.     Bact.  cholerse  suum, 
L.  and  N. ,  page  252. 
(y)  Fermentation  of  grape-sugar  with  fonnation  of  gas,  milk- 
sugar  flcjiroely  at  all  affected.     In  growth  it  is  l)etween  the 
Bact.  typhi  and  liact.  coli.     Bact.  icteroides  (Sanarelli), 
L.  and  N.,  page  25(>. 
(<J)  Fermentation  of  grape-  and  milk-sugar  with  formation  of 
gas.     Milk  coagulated.     Bact.  coli  (Escherich),  L.  and  N., 
page  243. 
(C)  Gelatin   not  liqueiie<l.      Forms  acetic    acid    from    alcohol. 
More  details  in  tables,    pages  2G1   and  262.     Acetic   acid 
bacteria. 
(/>)  Gelatin  liquefied,  or  consumed  without  visible  liquefaction. 
Organisms  non-motile, 
(a)  Gelatin   liquefied   in  a  funnel   fonn.      Sugar  fermented. 
Abundant  gn>wtli  on  ])otato.     Optimum  temperature  about 
25°.      Agar   is  coIoriHl    rcddish-bn)wn.      Bact.   discifor- 
mans  (Zimm.),  L.  and  N.,  jMige  "JCui. 
(P)  Gelatin  consumed  in  a  funnel  form  without  i)erc«ptible 
liquefaction.     No  growth  on  ])(>tato.     Optimum  tempera- 
ture 12°.     Agar   not  colortnl.     Bact.   salmonicida  (Em- 
merich and  Weiliel),  L.  an<l  N.,  ]>age  266. 
(J^)  Gelatin  not  liquefied,  only  slowly  drawn  in.     Spontaneously 
motile  from  ix)lar  Hagelluni.      Stains  by  Gram's  method. 
Milk  unchanged.     Bact.  canicula  (Galli-Valerio),  L.   and 
N.,  page  260. 
{F)  Gelatin  liquefied.     OrganL*<nis  motile, 
(a)  Grape-sugar  fermented.     No  branches  sent  out  toward  the 
solid  gelatin.     Bact.  punctatum   (Zimm.^),  L.   and  N., 
page  264. 
(P)  Grape-sugar  fermented.     Brandies  sent  out  towanl  the  solid 
gelatin.     Bact.  vitulinum  ( Weissenberg),  L.  and  N.,  jMige 
264. 
//.  Fomuition  of  a  ytllow  (grccniHh-ycUoxc  to  orangc-yvUmc)  pigment 
in  the  cuUurea  of  the  haetcrin  upon  agar  and  gelatin.     (  Without  fluores- 
cent dimoloration  of  the  nutrimt  suh:*tratinn. ) 

(A)  Very  small,  thin,  short  nnls  ;  u])on  gelatin  and  agar  grow 
slowly  as  a  thin,  intensely  yellowish-grei^n  layer.     Gelatin 
very  slowly  litiuefied.      Possess  a  single  flagellum.      Bact. 
turcosum  (Zimin. ),  L.  and  N.,  page  267. 
{B)  Short  hkIs  of  the  dinionsions  of  the  Biict.  coli. 
{a)  Without  sjH>ntaneous  movement. 
1.  Gelatin  not  liquefied. 

^  Compare  Haot.  ty])hi  murium,  page  258,  and  Bact.  alcaligenes, 
page  257. 

'  Compare  also  Bact.  fu}tidum  liquefacicns,  cloacic,  agile,  page  265. 
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(n)  Caltnrepnlegrajish-orange  (crenta).    Bact.  cremoidos,  4 

L.  «id  N., '  page  207. 
0)  Qro^h  leuion-jellow.     Bact.  luteum  (FL),  L.  andN., 

2.  Gelatin  sliiwly  liqaeflod. 

(a)  Lnmriant  lemon-yellow  layer  on  jrelotin,     Apir  and 

eelatin  colored   red.      Bact, -eiythiogeneB   (Grot^n- 

felt),  L.  and  N.,  pa^  •HiS. 
[P)  Bather  abunduiiC   lemon -ye  How    gronlli   on  gelatin. 

Agar  and  gelatin  c»lorlem.     Bact.  hclvolum  (Zinini.), 

L.  and  N.,  page  268. 
(;■)  Growth  on  gelatin  at  Smt  white,  then  ycllowiah.    Hilk 

aliiny.     BiNipy  suieU.     Bact.  Uctis  saponacei,  Weig- 

3.  Gelatin  rapidly  Hqaefled.     Growth  npon  gelatin  veiy  del- 

icate.    Little  cliromn^nesis.     Bact.  nubilum   (Frank- 
land),  L.  and  N,,  pn^e  3(i9. 
(t)  KpontaneouB  motility  from  polar  Unii^llum.     Gelatin  liqniv 
lied,  pale  ocher-yellow  aediment.     liixm  potato  and  agar,  a 
pale  ooher-yellnw  deposit.     Bact.  octacaceum  (Zimm.),  L. 
and  N.,  pi^  270. 
(C)  Short  rods  to  long  threads.     Cultures  gmyish-oraDge  to  pale 
orange  and  hriok-red.     Never  brancbeti  in  the  stab, 
(aj  Non-motile.    Bact.  fulvum  (Ziminermaon),  L.  and  N.,  page 

270. 
(6)  Motile.    Bact.  chryaoglcea  Zo|(I.,  page  272. 

III.  Formation  of  a  rim>rrtl  In  a  liiami-red  pigmeal  upon  ngar  ond 
grlatm.  EspcciaUy  beatili/iU  ehraiaoprnixit  upon  potato.  \For  rrd-^trovm 
mirf  hriek-red  varielie*,  compare,  aim  Batt,  /iMcun  and  chrgmglara. ) 

{A  ]  StoinH  by  Gram's  method.     Noo-Diotile.     Gelatin  not  liqnn- 
fled.     Bacl.  latMicium  (Adamelr),  L,  and  N.,  page27'j. 

(S)  Does  not  atain  by  Gnun's  methnd.     Motile.     Gelatin  I iqne- 
Qed.     Pigment  ruee   tn   carmiuc-red,   more   rarely  reddi^  j 
yellow.     Bact.  prodigiosuro  (Ehrenbet];),  L.  and  fl.,  ] 
272. 

IV.  Fomalian  ofn  non-dlffunilile,  riolrf  ur  Uw  pigment  in  Iht  eidlitrm 
tipoH  agar,  gttalin,  and  potato, 

{A)  Gelatin  more  ur  lees  rapidly  liqucfled.     Forma  a  deep  violek 

pigmejit,  wliioh   is  soluble  in  aloohol.     Bact.   violaceiim, 

fioiniter,  page  277. 
(S)  Gelatin  luit  ligneQeil.     Pigment  pnlu  to  deep  indi|j;o-blue, 

iniolnble.    Bact.  indigonaceum  (Cliu^aaen),  L.  and  N.,  page 

280. 
(C)  Gelatin  slowly  liqueii 

espriciully  marked  cm  | 

and  N,,  r«*W  2^'- 

V.  Thr  growt/u  o/  (if  fcocfrrin 
iMtt,  bnjimlih,  or  grrmith  i»  n 

'  For  relatives  and  synonyms,  isee  the  text. 
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ftuoraeenl  pigmeiU  diffuses  out  from   Ihc  cuilHre, '  both  in 
griatin  and  agar. 

All  varieties  are  provided  with  a  single  tlagetluni  or  a  hunch  of 
(Ugella  lucatcd  at  the  end.  The  group  coiisiutH  of  vanetiies  veiy 
closely  related  to  each  titlier,  nnue  of  Hhipli  forms  ^is  from  angar. 
AaoordinK  to  Zimmemiann,  all  duorescctit  baotcrio,  when  yoiUK, 
Bbun  by  Uram'H  uetliod  ;  bot  aooanlinf;  to  our  observatioua,  they  do 
not  do  ao  regularly. 

(A)  GeUtin  liqaeJJed.    Colonies  in  plate,  After  luiDetactioube^Dfl, 
are  stuTotmded  l)y  haiia. 

(a]  Intense  production  of  pigment,  usually  hlnish-green,  upon 
all  nutrient  media,  also  in  milk  and  bouillon.  Milk  ouag' 
olated  with  alkaline  nNtotion  ;  then  cuogulum  ia  diaeolvetl. 
Palbogenic  for  animals.  Bact.  pyocyaneum  (Flugge), 
L.  MidN.,pa(je281. 

(Jl)  Pigment  pnxluctiuti  lesH ;  in  bouillon  very  slight.  Milk 
not  ooftgolated  ;  later  it  iHjconies  clear  and  colored  greenisb- 
ycllow.  B«ct.  fluoresceas  (Flugge),  L.  and  N.,  page 
285. 

(B)  Gelatin  nut  liiiuelled.      Colonies   in  plnte,   even-bordi^red, 
wavy,  reminding  one  of  tlie  Baet.  coli.    . 

(a)  Growth  on  agar  and  li;elatin,  white  or  yellow.     No  formation 
ot  blue  or  brown  pigmeiit  aside  &t)m  the  fluorSBOent  mate- 
rial.    Bact.  putidum  (Flugge),  L.  and  N.,  pege2S7. 
(P]  Besidea  the   Quoreseent   pigment,   there  ia  also  formed  a 
bine,  deep  blue,  or  dark  bniwu  pigment  in  varyinu  amount 
Grape-angar  mil  h  heooniesblne  tobluish-)^y.    Bact.  ayn- 
cyaneum  (Ehrenb. ),  L.  and  N.,  page  S8tl. 
VI.    TTkf  baclnial  groicthit  am  pale  [icAiU  lo  braanuih  colored),  and 
Ihrough  diffamoa  the  titrroitiutaig  natrieiU  mcrfium  U  ceforcd  inleiudg 

1.  (iclatin  not  liquefied.      Bact.  brunilicans,  L.  and  N.,  pa^ 

3.  Gelatin  lignefied.    Bact.  feirugineuin  (liullntaun),  L.  and  N., 
page  21)2. 
n.   OoLOKtes  UPON  THE  NuTltlKNT  MepIA  ABE  Roi'NIlISH  AT  TUB 
BboINNINU  OKLY,  IV  AT  .\LT,  ;  I.ATKK,  TSBRB  EXTKND  MoRE 

oa  Less  fuou  within  Ocvtward,  Ray-,  Furs-,  Band-,  or 
Saiisaok-likk  Outuboh-tpib. 
In  the  Baet.  vnlgare,  where  these  outgrowths  may  be  ahaent,  one 
obaerreB — best  in  5  %  -6  ^  gelatin — ci  swarming  in  tbe  periphery  of  the 
oolonies  in  the  plate.     In  the  gelatin  stab  eolture  there  sometimea 
ooonrB  tbe  tormati<m  of  branches.      (Genua  ;  Proteus  Hauser. ) 
(a)  With  HpontaneouH  motion  and  pcritricbous  flagclla. 

1.  Gelatin  not  liquefied.     Branching  very  beantifolly  developed. 

Cannes  putrid   deoompOHition.     Bact.    Zopfii   (Enrtb. ),    L.    j 
and  N.,  page  2U3. 

2.  Gelatin  uHiially  Uqnefied.     No  blanching.      CbuBU  intenaely   \ 
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pntrid  deoompoBltion.     Bact.  vulgare  (Haoser),  L.  and  N., 
page  295. 
(b)  WtthoDt  Hpotitoneooa  motion    and    flagella.     Gelatin    slowly 
liquefied. 

1.  Uelatin  colony  reaeuibtes  a  bone  corpnsole ;   delicate  (tenter, 

with  a  neriea  oF  irregular  outgrowths.  In  (jelatin  stab : 
nodulta,  priekly  ball^,  and  hronohes.  Bact.  erysipelaioa 
suum  (Lofller,  Schiilji),  MigulA,  inge  :102. 

2.  Gelatin  pinte  Hiiiiilnr  U)  the  above,  or  (uauallyj   with  veir 

delicate,  alraost  inviHilile  colonies.  Branches  in  the  stab  eul- 
tnre  are  very  delicate  aad  rc^lar.  Bact.  nmiiaepticum 
(Fliigge),  Mif^la,  page  3O0. 

Bacterium  nitrosomonas  (Winogradsky),  Lehm.  and 

Neum.' 

Nitrosonionas  europsea  (WinngrndBky).  A.  P.  iv, 
V  ;  and  Arch,  des  scieucee  biolog.  de  Peterebourg,  i,  1892. 
The  morphology  ie  very  briefly  deseribed.  Elliptical  and 
short  spindle-shaped,  quiet  cells,  often  united  in  short 
chains  (about  In  broaia,  and  1,1— 1.8  fi  long).  U[)on 
silicic  acid  nutrient  media  the  organisms  form  compact, 
sharply  contoured,  brown  colonics,  from  which,  after 
about  two  weeks,  motile  swarms  wander  out  (appearing 
aa  a  pale  halo).  In  Quids  there  is  first  a  slight  sediment ; 
then  after  about  eight  days  diffuse  cloudiness  due  to  the 
motile  form,  which  in  one  or  two  days  again  settles  quietly 
to  the  bottom. 

The  organisms  thrive  only  upon  inorganic  nutrient 
media  :  gelatinous  silica  or  water  to  which  is  added,  in  a 
liter,  about  1.0  gm.  potassium  phosphate,  0.5  gm.  mag- 
nesium sulphate,  a  trace  of  chlorid  of  calcium,  2.5  gm. 
ammonium  8ul|>hato,  and  some  solid  magnesium  car- 
bonate. They  form  nitrite,  but  no  nitrate,  from  salts  of 
ammonia. 

Growth  of  the  pure  culture  is  difficult,  and  so  tar  but 
tarely  accomplislied. 

Bacterium  nitrobacter  (WinoEradsky).     L.  and  N. 

;   W'ini^ndsky  and 
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■1m  tlitMe  of  Stutzer  saA  Hartldi,  t 
peter  TuDgna  ore  iDoorrecL  Compere 
»nd  Gartner  (C.  B.  L.  IV,  1,  62,  10»). 

Microscopic  Appearance. — Short  rods,  1  /i  long,  0.3- 
0.4  A  Uiick.  Stain  poorly.  When  stained  with  warm  gen- 
tian-violet solution  and  washed  with  a  1055;  solution  of 
chlorld  of  sodium,  a  stained  ctipaule  surrounds  the  bacilli, 
which  are  unstained.  With  carbol-fueiisin  the  rods  are 
gradually  stnined.  the  pointed  ends  escaping.  Alkuline 
tnethylene-blue  firgt  stains  the  ends,  then  the  central 
portion. 

Motility  is  never  observed.  No  growth  occurs  upon 
the  ordinary  nutrient  media,  rich  in  organic  substances 
(bouillon,  agar,  gelatin),  but  it  prows  upon  the  following ; 
Nitrite-agar,  which  contains  pure  sodium  nitrite  2  gm., 
Bodium  bicarbonate  1  gm.,  potassium  phosphate  and  agar 
15  gm.,  waf«r  1  liter  ;  or  nitrite  solution,  which  contains: 
Bodium  nitrate  1.0,  potassium  pbosplmte  0.5,  magnesium 
sulphate  0.3,  sodium  bicarbonate  0..5-1.0,  sodium  chlorid 
0.5,  a  little  iron  sulphate,  distilled  water  (distilled  twice 
over  permanganate)  1000.  If  soda  is  used  instead  of 
Bodium  bicarbonate,  then  also  free  COj  must  he  present. 
The  addition  of  more  than  QAfc  peptone,  or  of  small 
quantities  of  sugar,  prevents  the  growth  and  the  produc- 
tion of  nitrate. 

Nitrite-agar  Colonies. — Deep :  granular,  dense,  small, 
sharply  outlined,  strongly  refracting,  appearing  only  after 
weeks.  0[i  the  surface  delicate,  cloud-like,  homogeneous, 
scarcely  at  all  granular  droplets  develop  equally  slowly. 

Nitrite-agar  Stab  Culture. — Somewhat  more  luxuri- 
ant, dirty  white,  ^irt'asy. 

Isolation  from  Soil.— Numerous  plates  are  prepared 
from  nitrite-agar  with  larger  and  smaller  quantities  of  soil 
BUSpended  in  it.  After  standtngfor  three  or  four  weeks  at 
about  20",  test  the  plates  to  determine  whether  nitrate  has 
been  formed.  Inoculate  from  a  number  of  the  smallest 
colonies  into  nitrite  solution,  and  after  about  three  weeks 
prepare  now  plates  of  nitrite-agar  from  the  tubes  which 
contain  no  nitrite,  but  nitrate.  The  pure  culture  should 
behave  as  follows  :  (I)  A  scarcely  perceptible  precipitate 
should  appear,  which  rises  as  a  column  on  shaking  ;  (2) 
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Upon  gelatin  and  agar  plates  no  colonie^s  develop  ;  (3)  ia 
tuf>ee  with  nitrite  solution  the  reaction  for  nitrite  ^otilf 
disappear  after  about  eiglit  days. 

Bacterium  influenza  (R.  Pfeiffer).     Lehm.  and 
Neum. 

LiUraturt.—U.  PfeiHca-  (Z.  f.  H.  xn,  35 
DeliM  an<l  Kotle  (Z.  IL  xxiv,  327)  (in 
tuxiuB);  (irnaabencer  (C.  B.  XXIU,  25). 

Microscopic  Appearance. — Very  Email,  ehort  rod^i 
about  0.4  II  Ijrond,  1.2  /i  long,  often  in  pairs,  often  ia- 
spiituin  within  the  cells,  more  rarely  united  in  shor^. 
threads  (68,  v),  Grassberger  observed  typical  cnlturw: 
with  a  marked  tendt-ncy  to  fonn  thin  aad  thicker  appft^ 
rent  threadH, '  which  in  part  were  swollen  into  spindle-' 
form,  and  at  linit^  branching  could  be  seen.  This  moaK 
be  Studicl  fvirthtr 

Spontaneous  motion  ie  absent 

Staining  Properties. — Somewhat  poorly  with  the  OTdi« 
nary  aijuetjus  BoliitiLins  of  anilin  dyes,  better  with  alk»> 
line  methylenc-blue,  and  best  by  the  application  of  a  veCT" 
dilnte  carbol-fuchsin  solution  for  five  uiinutes.  WitA 
(aint  staining,  the  ends  are  somewhat  more  deeply  stained. 
N'lt  sliiincd  by  Gram's  methd. 

Relation  to  Oxygen. — Obligate  aerobe. 

Requirements  as  Regards  Nutrient  Media  and 
Temperature. — Grows  only  upon  agar  smeared  with 
blood  (or  hemoKlobin)  or  blood -bouillon.  Optimum,. 
37".     Upper  limit,  43»  ;  lower,  26''-27''. 

Agar  Streak. — (Surface  smeared  with  blood,)  Clear, 
like  glass,  small,  hardly  confluent,  almost  structureless 
colonies. 

Bouillon  with  Addition  of  Blood. — If  the  nutrient 
medium  is  placed  in  u  thin  layr,  the  Bact.  inlluenxn' 
develops  as  delicate,  white  flocculi. 

Special  Nutrient  Media. — According  to  Grnssberger, 
a  mixture  of  agar  and  delibrinatfld  blood,  heated  for  on*'. 
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hour  to  50°-G0°,  is  a  specially  favorable  nutrient  medium. 
AncorJiiig  to  Graaeherger,  the  influenza  bacterium  grew 
with  very  mucli  greater  luxuriance  upon  iinhented  blood- 
media  in  proximity  to  coloniea  of  the  Micr.  pyogenes.  It 
may  be  supposed  that  be-at  and  the  growth  of  the  Micr. 
pyogenes  alter  the  blood- medium  in  a  similar  manner 
(Z.  H.  XXV,  453). 

Vitality  and  Duration  of  Life. — In  water,  even  in  the 
dark,  they  die  in  from  tnenty-eight  to  thirty-two  hours  J 
in  agar  and  bouillon  cultures,  aft^er  two  or  three  weeks. 
In  fresh  sputum  they  are  preserved  about  the  same  length 
of  time.  Rapid  drying  kills  in  two  hours  ;  slower  drying, 
in  from  eight  to  twenty-four  hours. ' 

Distribution. — (a)  OutsUU  the  bmly  :  Not  found. 

(6)  in  injluema  in  man :  Very  abundant  in  the  eharao- 
teriBtic,  clear,  yellowish-green,  lumpy,  tenacious  sputum. 
They  are  found  purest  in  the  secretion  of  the  finer  bronchi ; 
at  first  free  in  clumps,  later  especially  within  the  pus 
cells.  Also,  extensive  colonization  occurs  in  the  lung  tis- 
sue, leading  to  lobular  and  pseudo-lobular  influenza  pneu- 
monia. They  are  often  abundant  in  the  nasal  secretion  in 
cases  of  infiuenza.  R.  PfeifTer  found  them  rarely  in  the 
blood,  and  never  cultivated  them  from  the  blood.  In  tlie 
organs,  especially  tlie  brain,  they  are  demonstrable  rel- 
atively seldom  (Nauwerck,  C.  B.  xviii,  395  ;  Pfuhl,  Z. 
H.  xrvi,  112).  E.  Frankel  traced  a  suppurative  menin- 
gitis to  the  I.  B.  alone  (Z.  H.  xxvii,  315). 

AnivuU  Experimenla. — Influenza  can  be  transferred  to 
the  monkey  only,  among  all  the  numerous  available  exper- 
imental animals.  Devltaliziid  cultures  in  large  quantities 
are  intensely  toxic  (dyspnea,  paralysis)  for  animals,  espe- 
cially rabbits. 

Immunity  and  Serum  Reaction. — Animals  which 
are  treated  for  a  long  time  with  I, -toxins  do  not  yield  a 
eerura  with  antitoxic  or  bactericidal  projjcrties,  but  suc- 
cumb to  infwlif)n  with  a  larger  quantity  of  culture 
(DeliuB  and  Kolle). 

Special  Culture  Methods.  —  The  bronchial  mucus 
washed  in  sterile  water  is  triturated  somewhat  superficially 
with  a  little  sterile  water  ;  and  of  this,  small  [quantities  are 
■meared  over  slanted  agar  and  slanted  agar  smeared  with 
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blood.  If  the  first  remain  ateriie,  wliile  delicate,  drop— 
like  colonies  develop  upon  the  second,  it  speaks  in  favor 
of  inUuenica.  Bouillon  and  agar  niised  with  sterile  pigeoa 
blood  are  highly  recomniendud. 

RdaU4  Farifh'cs.— The  "  bacillus  of  pneumonia  in  rabbits,"  cultt-' 
vated  by  Reck,  R.  Pteiflpr'a  ivwiHtHiit,  frutn  rabbite  ilvxiig  epnntft- 
neonsly,  is  closely  relate!  (ikck,  Z.  H.  xv,  303,  ie!«).  Nmall, 
fine,  non-motile  baoilli,  twioe  as  loii);  and  thick  oh  the  inHuenxa 
badllng,  oblJEnte  aerobe,  not  stained  by  Gram's  metboil.  Ihiex  not 
gmni  on  potato.  Upon  gelatin  it  resi'mblw  the  eireptooixxniA.  Upon 
agar,  gmyish-yrllow,  with  gmnular,  whan'  l>oniiT,  of  lonKli,  miuwid 
<yinwHlency.  Gninea-piKX,  rabbits,  and  mioe  m'l'  ^nsceptihle.  Prin- 
oipal  oluuigM  upon  section  are  palmonor;  hyperemia  and  ateleotoBia, 
and  fibrinoiut  deposit  upon  the  pipura. 

Bacterium  legyptiaciim  (L.  and  N.). 
Ordinary  Name. — Kodi -Weeks'  bacilhis. 

e  by  Kamen   (C.   B.   xxv,   449),    with   beautifol 

Microscopically,  very  smalt,  thin  ntds  (1-2 /i  long);  in 
recent  cases  are  often  exceedingly  nnnierous  in  the  secretion 


I 


from  the  ej'c  ;  sometimes  llu-y  tunn  short  chains.  Non- 
motilo,  do  nol  stain  by  Gram's  method.  The  cultures 
rceemblo  in  every  way  thoae  of  the  inflnenza  bacillus ; 
their  growth  is  always  poor,  best  ujx>n  nutrient  media 
ed  with  blood.  Optimum  at  37°.  They  live  only 
t  time — about  four  days,     Scarcely  at  all  patliogetuc 
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for  animals.  Often  associated  with  organisms  of  the 
xerosis  group. 

A  differential  diagnosis  from  the  Bact.  influenzae  ap- 
pears at  present  scarcely  possible. 

It  produces  in  Europe,  especially  in  sunnner,  epidemic 
conjunctivitis.  The  disease  develops  gradually  during 
two  or  three  days  ;  after  three  or  four  days  the  inflamma- 
tion is  more  severe,  and  may  be  accompanied  by  abundant 
purulent  secretion.  Tiie  affection  continues  severely  for  a 
week,  and  more  lightly  for  two  or  thn^e  weeks. 

Frequent  in  Egypt  (Koch),  but  also  observed  in  Eng- 
land, Paris,  Hamburg,  Czernowitz,  as  the  cause  of  epi- 
demics.    Never  has  been  observed  in  Wiirzburg. 

Bacterium  tussis  convulsive  (Czaplewski  and 

Hensel),  L.  and  N. 

Literature. — Czaplewski  and  Hlmisi*1  (Deut.  ined.  Woch.,  1H1>7,  5^, 
and  C.  B.  xxii,  641);  Koplik  (('.  15.  xxii,  22*2)  and  Czaplewski 
(C.  B.  XXIV,  WJo);  Zuseh  ( Miincli.  ined.  Woeh.,  1H9H,  712,  and  C.  B. 
XXIV,  721  and  7<)9);  Vincenzi  (C.  B.  XX IV,  jtCjO).  (See  also  Koplik, 
Johns  Hopkins  Hospital  Bulletin,  ix,  79,  1898. — Ed.) 

Microscopic  Appearance. — In  smears  of  the  expec- 
torated mucus  small  short  baciUi,  often  only  oval  forms, 
of  0.75  to  l.o  /i  in  lenp^h.  Sometimes  united  in  very 
short  chains  ((>8,  i).  Koplik  describes  individuals  in  old 
cultures  with  slightly  clubbed  ends.  In  glycerin  and 
sugar-agar  there  are  sometimes  longer  forms,  reminding 
one  of  the  corvne-bacteria. 

Spontaneous  motion  absent  (according  to  Koplik, 
present). 

Staining  Properties.  —  Tt'ndency  to  polar  staining 
when  dilute  staining  solutions  are  emi)loyed.  Strong 
staining  solutions  give  the  organisms  a  plumper  api)ear- 
ance. 

Relation  to  Oxygen. — Facultative  anaero}>e. 

Intensity  of  Growth. — Usually  very  modest ;  often  an 
ino(;ulatioii  from  a  culture  one  day  old  upon  the  original 
plate  is  without  result.  CJrowth  on  agar,  poor  ;  better  on 
glycerin-agar  ;  ))est  upon  L^ifllcr's  serum. 

Temperature. — Not  below  25°;  grows  well  only  in  the 
incubator. 
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Spores  are  absent. 

Serum-agar  Plate. — Young  colonies  exceedingly  deli- 
cate, like  dewdrops  ;  single  colonies  may  be  as  large  as 
2  mm.,  grayish,  somewhat  lobulated.  Rarely  are  they 
elevated  like  a  pinhead.  magnified  from  sixty  to  a  hun- 
dred times  they  are  finely  granular. 

Agar  Plate. — Smaller,  poorer,  and  usually  drier  than 
upon  serum.  On  the  contrary,  Vincenzi  observed  better 
growth  on  agar  than  on  serum.  He  deseribes,  in  the 
agar  stab,  faint  growth  in  the  stab  canal  and  no  surface 
growth. 

Bouillon  Culture. — Scanty  growth,  little  turbidity. 

Milk  and  potato  grovrths  are  so  far  unknown. 

Resistance  to  drying  is  minimal. 

Distribution. — According  to  the  authors  previously 
mentioned,  the  organism  is  regularly  present  in  the  glairv, 
transparent  sputum  of  typical  cases  of  whooping-cough, 
and  from  it  it  has  often  been  cultivated.  We  have  also 
made,  with  Dr.  Hirai,  a  series  of  successful  cultures.  We 
always  found  the  cultures  to  remain  alive  for  an  extraordi- 
narily short  time. 

Animal  experiments  have  failed  with  all  animals  and 
in  the  hands  i>f  all  investigators. 

Special  Cultures  and  Methods  of  Recognition. — 
The  suutiini  is  obtained  with  as  little  contamination  as 
possible  (when  possible,  after  washing  out  the  mouth), 
and  typical,  glairy,  tenacious  balls  are  allowed  to  stand 
in  abundant  sterile  water  about  one  hour.  The  water  is 
then  poured  off,  and  the  clumps  washed  in  several  changes 
of  distill(.-d  water,  and  finally  from  them  smears  on  cover- 
glasecs  and  streak  cultua's  upon  aacites-agar  are  prepared. 


Bacterium  duplex  (L.  and  N.). 


Mieroitetijnc.  — Rather  lai^e,  plump  rods,  often  arranged 
in  pairs  or  short  chains,  about  1  ii  thick  and  2  to  3  fi  long, 
non-motile,  not  stained  by  Gram's  raetliod,  without  any 
capsule  of  importance. 
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The  organisms  are  very  particular  as  to  cultivation. 
They  grow  best  upon  ascites-agar  as  small  transparent 
droplets  ;  upon  ordinary  agar,  a  growth  is  rarely  ()l)tained. 
Pure,  Bolidified  blood-serum  is  slowly  liquefied  on  the  sur- 
face. Cultures  have  little  durability.  It  causes  a  con- 
junctivitis, usually  insi<lious  in  onset  and  running  a 
chronic  course  with  slight  catarrhal  symptoms,  abundant 
secretion,  and  redness  of  the  eonjundiva,  especially  U])on 
the  edges  of  the  lids  and  inner  angle  of  the  eye.  The 
organism  is  found  abundantly  in  the  secretion  (Fig.  17). 
The  disease  may  be  transferred  by  means  of  pure  cultures 
to  healthy  individuals.  It  has  been  found  infrequently 
in  various  places  as  the  cause  of  epidemics  ;  also,  on  one 
occasion,  in  Wiirzburg. 


Bacterium  ulceris  cancrosi  (Ducrey-Kruse),  L.  and  N. 

Sjfnonyms. — Streptolwcilliis  of  Hoft-ehancre  Ducrt'y,  Bacillus  ulceris 
cs&Dcrosi  Krusc. 

LUeraiure.—ThiCTey  (C.  B.  xviii,  21)0),  Petersen  (C.  B.  xiii,  743), 
Unna  (C.  B.  xviii,  i^l),  Knise  (Fliigge-Krnae,  Ikl.  ii,  45(J). 

It  is  now  universally  acknowledged  that  Ducrey  rightly 
recognized  a  small,  thin  bacterium  (0.5 /x  broad,  1.5 /t* 
long),  arranged  in  long  chains,  which  can  be  d<,'mon- 
strated,  with  no  great  dilKculty,  in  s«'ctions  of  soft  chancre 
as  the  cause  of  the  process.  By  succ(\ssive  inoculation  of 
chancre  secretion  from  one  j)lnce  on  the  skin  to  others,  in 
each  resulting  ulcer  a  jnirer  condition  is  found.  Staining 
of  the  sections  with  Lofllers  methylenc-blue  is  not  espe- 
cially difficult,  if  the  alcohol  is  allowed  to  act  very  })riefly. 

The  bacteria  are  not  stained  by  Gram's  method.  Th(?y 
are  also  found  in  the  chan(!re  secretion,  but  onlv  rarelv  in 
the  contents  of  buboes.  Cultures  are  rarely  successful  ; 
Petersen  obtained  non-characteristic,  faintly  growing  col- 
onies deep  in  serum-agar. 
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Bacterium  septicsmiK  hsmorrhagicfe. '     Huppe. 

(Piute  12.) 

iitfrnfurc— Complptc  bv  Voges  [Z.  H.  xsui,  261;  sxvtii.  33)j 
Ksrlinaki  (Z.  H.  xxviil.  407);  Th.  Smith  IC.  B.  XXV,  241);  Voges 
and  ProHkauer  (Z.  If.  xxviii,  201;  Preisz  (C.  B.  xxni,  686). 

Microscopic  Appearance.  —  Short  rods,  from  the 
animal  scarcely  ever  more  than  twice  ae  long  as  thick,  very 
amall  (0.3-1  ft  long).  Very  often  (always  typically)  in 
the  short  roda  ^fith  somewhat  smaller  ends  only  the  poles 
stain  ( plasm oly sis)  (12,  ix  and  schematic,  12,  x),  so  that 
pictures  resembling  diplococci  result.  Helm  once  observed 
typical  capsules.  In  cultures,  likewise,  there  are  mostly 
short  rods  (12.  ix).  rarely  short  threads. 

Spontaneous  motility  and  ilagella  are  absent. 

Staining  Properties.— Not  by  Gram's  method. 

Dependence  upon  Temperature  and  Nutrient 
Media. — Almut  like  tlie  Bact.  coll.     Facultative  anaerobe. 

Growth  upon  Agar  and  Gelatin. — As  shown  in  Plate 
12,  (HfT.Tijij;  but  little  from  the  Bact.  coli. 

Milk  Culture. — Behave  differently.  Our  Berlin  chicken 
cbdlerii  presents  the  tj-pical  properties ;  it  renders  milk 
alkaline  and  leaves  it  iluid  ;  similar  effects  arc  produced 
culture  (if  Loffler's  swine  pb^ue  from  Berlin  and  one 

Honl,     On  the  contrary,  one  obtained  from  C.  Frankel 

'  juiated  milk  with  formation  of  acid, 
'otato  Culture. — Often   no  growth,  especially  when 
Ivated  freshly  from  the  animal,  or  only  a  very  scanty 

r  (leeoriplion  is  based  apon  a  culture  of  "chioken  cholera," 

<&  froiD  tlie  Hygicaic  Institnte  Id  Berlin,  wboae  propertira  agree 

ntly  vHth  those  dracribed   in   the  Uterstare.     Two  onltnren, 

"Cihioken cholera  "  and"  rabbit  aepticieniia,"  which  have  been  cnlti- 

'd  in  onr  inotitule  for  about  six  yesiK.  and  which  ori^nnally  came 

n  a  triutworthy  but  now  unknown  source,  behave  like  typital 

t>  ooli  in  the  eense  of  the  deflnition  in  our  key.     Unfortunately, 

inection  belwtvn  tbeee  can  not  be  explained  ;  a  contamination 

10  be  excluded,  a  Dnnsformation  in  improbable.     One  ml(;ht  see 

f  iti  thin  observalioD  of  the  identity  of  the  Baot.  sept.  bieiDor- 

with  the  motile  iirKoniam  of  Iiof^holera,  ao  long  maintained 

ally  by  VoRee.     It  does  not  seem  possible  to  draw  more  tar- 

g  coiicluiuoiui  from  the  nbacrvation,  especially  as  Vogee  and 

~  ~~  now  again  mninlaiu  nharp  diffemices  between  the  catisea  of 

B  from  the  biolnjjio  ubanKicristics  [fennentAtion  of  s 
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one.  01(1  laboratory  (.-iiltiirua  grow  as  faintly  yvllowish- 
wliitc  ;  aft«ralkaliiiization  the  p:rowth  is  niore  jifiuiidant. 

Production  of  Gas  and  Acid  from  Carbohydrates. 
— Often  much  acid  is  formed,  both  from  grape-  and  milk- 
BUgar,  but  no  gas. ' 

Indol  and  H,S.— Both  abundantly  formed  (according 
to  Karliiiski,  not).  According  to  Hoffa,  methylguanidin  ia 
to  be  looked  ujion  aa  the  poinoiious  priiicijilt;  of  the  organ- 
ism. 

Resistance. — Agamet  drying,  slight.  Heating  to  46°- 
46°  destroys  the  virulence  in  half  an  hour.  On  the  con- 
trary, cultures  remain  viable  and  viruk-nl  for  months. 
Cold  and  mixture  with  putrefactive  bacteria  do  not  reduce 
the  virulence. 

Distribution. — («)  Oulgide  the  body :  Demonstrated  by 
Gaftky  in  water  of  the  Panke.  Inoculation  of  the  same 
into  rabbits  produced  a  fatal  infectious  disease.  Also  found 
in  water  and  soil  ;  undoubtedly  widely  distributed. 

(6)  In  the  body:  Never  in  man.  On  the  contrary,  they 
were  found  by  Gamaleia  in  tlie  feces  of  normal  pigeons, 
but  with  little  virulence,  and  by  Karlinski  in  the  nasal 
mucus  of  swine.  Have  been  demonstrated  to  be  the  cause 
of  a  series  of  destructive  diseases  in  animals,  in  various 
biologic  races,  and  designated  by  various  names. 

Voges  was  unable  to  pro<luce,  in  any  way,  a  true,  last- 
ing immunity  against  any  of  those  diseases. 

We  will  describe  only  four  of  tbeae  varieties  somewhat 
more  extensively. 

t.  Bacterium  suiclda  Migula  (Bacillus  suisepticua 
Kruse),  cause  of  the  so-called  German  (Lolfier's) 
"  Schweineseuche. "  Compare  Loffler  and  Schulz  (A.  G. 
A.  I,  55  and  376).  It  is  a  wide-spread  and  destructive 
disease  of  swine,  which  usually  kills  in  from  one-half  to 

etc.)  recently  in  use.  We  remnin,  therefure,  for  the  preeent  with  a 
I)aepOTideTnting  majority  of  anthors  ivho  occupy  the  standpoiut  of  a 
dnuity.  A  new  culture,  olitaineil  from  Honl,  in  Prague,  of  Boct. 
Buiciiia  Mig.  corrcepondn  with  the  eehemc. 

'  This  statement  in  the  literature,  which  Th.  Smith  recently  again 
veriAed,  corrcspouda  lo  our  cnltnres  of  ohiaken  cholera  and  new 
"Sohweineseuehe";  on  the  contrary,  lioth  of  the  old  motile  oultures  of 
"SchweineBeacho"  produce  gna  tnaa  arapc-siiBor.  Aocnirding  to 
Karlinski,  aomelimea  there  is  formation  M  gas,  and  sometimes  ni 
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two  days.  Usually  a  lobular,  multiple,  necrotic  pneu- 
monia is  most  prominent.  Many  casee  pass  as  croupous 
fineumoniu  ;  other  forms,  with  bacteria  o(  less  virulence, 
ead,  during  a  chronic  course,  to  the  formation  of  multiple 
caseous  areas,  which  are  often  confused  with  tuberculous 
areas.  Compare  Aschcr  and  Hirsemann  (Z.  H,  xxvi, 
143).  Also  diseases  otthe  intestine  (gnstro- enteritis)  occur 
when  a  complication  or  secondary  infection  by  the  Bact 
cholerffi  suum  is  not  present.  Swine  are  very  susceptible, 
and,  of  the  experimental  animals,  guinea-pigs ;  birds  are 
very  slightly  affected. 

For  an  exhaustive  differential  diagnosis  from  American 
"Schweineseucho,"  see  page  239. 

3.  Bacterium  multocidum  '  (Kitt),  L.  and  N.  (Bact 
bipolare  multocidum  Kitt,  Bac.  bovisepticua  Kruee), 
cause  of  the  "Wild-"  and  " Rinderseuche "  (Bollinger, 
Kitt),  which,  while  not  very  frequent,  still  has  raged  very 
destructively  among  deer  and  cattle.  *  Hogs  are  rarely 
affected. 

There  are  found  hemorrhagic  enteritis,  with  either 
pleuropneumonia  and  pericarditis,  or  very  acute  edema 
of  the  head  and  neck,  witli  hemorrhages  in  the  mucous 
membranes  of  the  hi'nti. 

3.  Bacterium  of  Barbone  in  buffalo  disease  in  Italy 
and  Hungary  (Oreste  and  Ariuimni.  ISHlJ;  von  RiUz,  C.  B. 
XX,  289  ;  Sanfelice,  }m  and  Malalo,  C.  B.  xxii,  32). 
Buffalo  die  in  fnmi  twelve  to  twenty-four  hours  ;  there  is 
Mvere  hemorrhagic  edema  of  the  Bubeutaneous  connective 
tissue,  especially  about  the  larynx,  traehea,  etc.,  with  the 
bhihU  intfstine  reddened  and  lieniorrbiigie.  It  is  patho- 
geuic  for  guinea-pigs. 

4.  Bacterium  avicidum  Kilt,  cuniculicida  (Gaffky) 
FlQgge  (Bacillus  choieroj  gallinaruni  Kruse).  It  is  the 
cause  of  extensive  epidemics  in  chickens  (chicken  cholera, 
Porconcito,  ?nflt*ur),  isolated  by  Gaffky  from  canal-water 
(Mitt.  Gesundheitsamt  l,  80)  and  descrilied  as  the  cause 

'CliMel.v  n-latrd  :  "  Kpw  Iiirt-cdons  Uiseiuw  of  Qtttlf,"  of  Bawo 
{C  B.  XXII,  5.17).    Stained  by  Gnua'a  method,  iinti-notilp,  rermtinta 

*  Arrardiuff  to  CJmRlin.  the  oiiiMfl  nf  numy  cwva  of  {nFcctiouB  in- 
flammatiuii  <it  the  luivol  also  lielong  here  (C.  B.  xxui,  295). 
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of  rabbit  aepticemia  (Davaine'a  aepticoraia).  It  ie  differ- 
entiated from  No9.  1-3  by  a  more  abundant  growth  on 
potato,  and  in  milk  sufficient  acitl  is  formed  to  produce 
coagulation. 

For  chicken  cholera  the  following  are  susceptible  : 
Chickenft,  turkeys,  ducks,  geese,  pigeons,  in  general  all 
domestic  fowls,  sparrows,  finches,  rabbits,  «nd  white  mice. 
Usually  guinea-pigs  are  slightly  susceptible.  Compare,  on 
the  contrary,  Tjaden  (C.  B.  xxv,  224).  Every  method  of 
inoculation  (also  with  only  very  small  quantities)  ae  well 
as  feeding  are  successful,  death  occurring  in  binls  usually 
after  from  twelve  to  forty-eight  hours,  rarely  after  from 
seven  to  twelve  days.  Superficial  inoculation  by  cuts  into 
the  pectoral  muscles  with  a.  lancet  is  most  generally  em- 
ployed. 

Poslnuirlem  Findings. — In  pigeons,  at  the  place  of  inocu- 
lation in  the  muscle,  there  is  a  whitish -yellow,  thick, 
Dodular  swelling  and  discoloration  of  the  muscle ;  in 
hens  often  more  of  a.  cloudy,  edematous  infiltration — an 
appearance  of  diagnostic  value.  Dead  animals  have  large 
ecchymoses  in  the  serous  membranes  (especially  in  the 
pericardium),  besides  serous  or  fibrinous  pericarditis, 
hemorrhagic  enteritis,  and  serous  lobular  pneumonia  I 
(Kitt).  (Dogs  and  cats  devour  dead  birds  without  J 
injury.)  During  life  the  birds  present  suddenly  developi 
ing  choleraic  symptoms,  together  with  loss  of  appetite 
weakness,  giddiness,  ruffled  plumage,  thirst.  Rabbits  am 
mice  die  quickly,  without  local  manifestations, 
abscess  forms  at  the  point  of  inoculation,  which  for  weeks 
contains  the  characteristic  bacteria. 

Special  Methods  of  Demonstration. — Tnoeulation 
of  a  pigeon  by  very  ehallow  cutaiiunus  incisions  in  the 
breast,  2-3  era.  long.  Characteristic  organisms  abun- 
dantly present  in  the  bIoo<l  of  the  inoculated  animal 
(bipolar  staining);  change  at  the  point  of  inoculation 
(necrosis). 

The  bacilldS  galliiiaram  E.  Klein  is  it  vnrioty  (C.  II.  v,  liH9;  vi, 
257;  and  xviii,  105). 

Closely  relat4^  are :  The  diavuae  of  rinjc-ditvcx  iil  Ix-clninolie  (A.  P., 
1MI4,  4tk))  nod  the  diick  oliolera  (rf  Cornil  und  Tonpet  \C.  B.  rv, 
'    '  ' }  bolli  thcae  latter.    HinuV^  &\»i  «ib  'ikvt 
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parrot  f^lialpra  (Nooinl),  Fiorcotini's  septkvmia  tit  bwsiu!  (C  I 
932),  aiul  a  tvriea  of  diae^ns  in  animnU,  whicli  luive  usual!;  tx 
■erved  bat  once. 


a 


1  hsfnorrha^icum  (Kolb),  Lehm.  and  Neum. 

(rUleao,  vu,  viil) 


(C.  1 

Verj'  closely  reUted  to,  iiideed,  only  biologically  differ- 
ent from,  tlie  Buct.  septic,  hcemorrba^.  is  an  urgiiniiim 
cloflely^  studied  by  Babis,  Tirawni,  and  Giovaniiini,  but 
especially  by  Kolb  (illustralifm,  lit«.TatUR;),  whicJi  causes 
purpura — Morbus  maculosus  Werlhofii — in  man  and  ex- 
puricienbd  animals,  which  iiBually  t«rminat4.-s  fatally. 
There  occur  hemorrhagea  into  the  skin,  seroua  mem- 
branes, lungs,  kidneys,  etc.,  and  albuminuria. 

Microscopic  Appearance. — Short,  oval  bact«rifl,  0.8- 
1.5  /I  long,  0.4-0,S  !i  thick,  usually  in  pairs  (20,  vu)  with 
a  small  capsule  in  the  animal  body ;  in  cultures,  short 
rods  and  threads.  Non-motile.  By  Gram's  method  they 
stain  )>oorly  or  not  at  all.     Facultative  anaerobe. 

Gelatin  Culture. — firow  rather  slowly;  delicate,  thin, 
whilisli,  spreading  but  little,  nnver  liquefying.  Agar  cul- 
ture :  Uncharacteristic,  white  to  whitish -yellow,  spread- 
ing somewhat  flattv.  UiMn  potato,  whitish,  raoislly  glis- 
tetiing,  not  spreading  much,  not  tenacious.  Rij^rding 
thfl  rdation  to  sugar  solutinn  nothing  is  statod  ;  since  in 
MUerobic  cultures,  M-hioh  bear  the  addition  of  sugar  well, 
nothing  is  said  by  Kolb  of  gas-formation,  it  does  not 
appear  I"  cause  fcrmontation.  The  varieties  isolated  by 
in©  three  above- mentioned  nuthors  were  different  in  their 
pathogenie  effecta  ujion  exjHirimental  animals.  Kolb  ob- 
inincd  the  greatest  effects  iiiion  mice,  Itws  in  guinea-pigs 
md  dogs ;  the  organism  of  Tizzoni  and  Giovaniiini,  on  tho 
oontrary,  w:is  not  paltiof^ni*'  fur  nii<;e,  but  very  [)athogenic 
for  doga  an>l  t(uiuea-ptgs.  The  animals  often  present 
■narked   heuiorrhogea,  with  the  same  localization  as  in 
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Bacterium  pseudotuberculosis  rodentium.     Preiss. 

(L.  and  N.) 

rS^fuinjin.— Bmillas  pBi-uiloliilirruulosis  A.  PfeiSer. 
Entire  Aifciodire.— Dcllimi™  (Zii^Ier'a  Beitriige  xx,  477). 

Microscopic. — I'liimit,  eliort  rods,  nioliiity  absent  or 
doubtful,  liiigotla  imL  found,  often  arranged  in  short  chains 
in  culturea,  stsiin  beat  witli  nlkaline  methylene- blue,  not  by 
Gram's  niethwl. 

Cultures. — Somewhat  like  Bact.  coli,  grow  readily  and 
luxuriantly  upon  most  nutrient  media  (only  upon  potato 
poorly),  forming  yellowish -white  to  salmon-colored  and 
yellowish-brown  growths.  Bouillon  is  first  diffusely  cloudy, 
then  preeenls  a  thick  sediment,  but  no  pellide.  Abundant 
formation  of  crystals  in  the  culturcB  from  the  formation 
of  alkali  (basic  phosphate).  No  fermentation  of  sugar 
with  formation  of  gas.  Milk  is  not  coagulated.  No 
indol. 

Distribution. — Frequently  found  as  the  cause  of  tuber- 
culoua-like,  caseous,  granulation  swellings  (especially  in 
the  abdomen)  of  rodents  (rabbits,  guinea-pigs).  Appears 
widely  distributed;  may  also  cause  epidemics. 

Detection. — The  organism   may   be   easily   found   in 
stained  smears  from  the  swellings.     Growth  occi 
ily,  and  thus  it  is  differentiated  from  tuberculosis. 


Bacterium  pestis.' 


(KiUsato,  Yersin.) 

(Plate  13.) 


L.  and  N. 


MfTiihinf.— Terein  (A.  P.  viii,  6fi2);  Aoynmn  (C.  B.  XIX,  481); 
OgAta  aontTB  KitaaBtn  iC.  B.  XXI,  771).  Mncli  newer  literature  B 
oited  in  the  text.  Ktpt^ially  itnportjuit  is :  OaJIky,  il.  Ifeiffur,  Dien- 
dnnn4  S*tieker.  Keix»rt  iif  tlie  Genimn  I'pst  Cunimiasiou  (A.  G.  A. 
KVI,  I89«). 

Microscopic  Appearance. — Short  rods  with  rounded 
ends,  two  to  three  times  ae  long  aa  thick,  here  and  there 
unitvd  in  pairs  (13,  X  (i).    In  smear  preparations  from  ex- 

'  Wt  liiive  tind  ftt  our  ilisposal  for  Htady  and  illoHtratini;,  tbroD)i;h 
the  great  kimlnpiw  of  Dr.  UieiiilniiiiiS,  iMMiiiti)  (he  living  tulturea.  also 
=-s  of  preserved  origiiuvl  Indian  eulCnres  and  original  [•-—— 


J 
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udates  or  fresh  portions  of  the  l>ody,  the  organisms  show 
the  usual  polar  staining  with  anilin  dyes,  as  in  those  of 
septicffiinift  hffimorrhag.  (13,  ix).  In  bouillon  there  occur 
streptococcus-like  chains  (13,  x  b).  The  bacteria  are  pro- 
vided with  a  capsule,  but  it  is  not  easily  rendered  visible 
(Report  of  the  German  Pnst  CommiBsion).  lu  connection 
with  bacteria  from  a  pure  culture,  we  have  not  often  seen 
them,  yet  they  may  at  times  be  demonstrated  by  using 
dilute  staining  solutions. 

Spontaneous  Motility. — Absolutely  non-motile,  uo 
flagella.  It  must  be  noted  that  Kitasato  observed  very 
sluggish  motion,  and  likewise  Kasanski  saw  raoveraent  of 
the  bacteria  (C.  B.  xxiii,  25).  Gordon  stained,  according 
to  the  method  of  van  Ernienge n,  flagella,  which  are  usually 
single  and  polar,  rarely  in  [laire  and  at  the  sides  (C.  B. 
XXII,  170);  compare  also  N.  Schultz  (C.  B.  xxm,  594). 
According  to  the  statement  of  the  German  Pest  Commis- 
sion, what  was  supposed  to  be  motility  wa.s  only  molecular 
motion,  and  the  flagella  observed  may  be  supposed  to  " 
simply  precipitated  staining  materials. 

Staining  Properties. — Stain  with  all  aniliu  dyes, 
preparations  from  pure  cultures,  the  )iolar  staining  is  not 
clearly  observed.  Not  stained  by  Gram's  method.  In 
opposition  to  Kitasato,  the  statement  is  made  that  the 
bacteria  in  the  blood  stain  by  Gram's  method.  According 
to  Kasanski,  the  polar  staining  succeeds  especially  in  blood 
and  old  pus. 

Relation    to    Oxygen.  —  Tlie    bacteria    are   obligate 
aerobcH.     Grdwth  is  j-lojipini  !iy  ihe  exclusion  of  oxygen. 

Dependence  upon  Temperature.  —  Optimum  87^ 
but  it  alsu  ;;ivnvs  viry  u.'ll  nt  'IT. 

Intensity  of  Growth. — On  all  nutrient  media,  tolei 
ably  rapid.  After  two  or  three  days  a  luxuriant  depoal 
is  observed.     In  bouillon   diluted   with   three  times  il 

3uantity  of  water,  the  growth  is  very  much  a 
ilutions  of  1  :  10  it  is  almost  entirely  absent  (Report 
the  German  Pest  Commission). 
Liquefaction. — Absent. 

Spores. — None  fonned.  The  vegetative  cells  die  com- 
pletely at  55  "-OO". 

Involution  Forms. — Very  characteristic  and  remark- 


able  involution  forms  arc  produced,  the  like  of  which  are 
said  to  occur  in  no  other  variety.  The  cell  bodies  are 
swollen  in  the  center,  similn.r  to  yeast  cells,  nr  they  become 
rounded,  like  spherical  ffirms.  Very  often  there  appear 
cells  many  times  lai^r  than  normal  cells.  The  stiuning 
properties  in  theae  forms  are  lessened  (13,  viii).  Accord- 
ing to  the  stjiteraent  of  the  German  Peat  Commission, 
upon  Ilankin'B  3^  chlorid  of  sodium-agar  involution 
forms  are  jirodiiced  almost  exclusively  (C,  B.  XX.U,  438). 

Gelatin  Plate. — (a)  Nahiral  size:  Small,  crumbly, 
gray,  transparent  colonies,  which  are  directly  elevated 
above  the  surface.  After  a  longer  time,  they  spread  out 
but  little  (13,  v6). 

(6)  Magnijied  sixty  Hinat:  Answering  to  the  elevation 
which  occurs,  there  is  observed  a  marked  reflection  fnim 
the  surface.  The  cxilonies  are  roundish,  smooth-hordered 
to  lobulated,  sharply  outlined,  with  a.  yellowish  to  a  green- 
ish shimmer.  Very  ofl<in  the  superficial  colony  is  sur- 
rounded by  a  very  delicate,  transparent  lobulated  zone, 
which  occurs  also  in  somL>what  altered  form  upon  other 
nutrii-nt  media.  The  structure  varies  from  homogeneous 
to  fitintly  turanular.  The  deep-lying  colonies  are  similar, 
liiit  ni'vcr  jiresont  this  delicflte  zone  (13,  vi). 

Gelatin  Stab. — In  stiib-canal,  a  faint,  homogeneous, 
wliili.sh,  thread-like  growth.  /On  the  surface  the  growth  is 
like  the  colony  in  the  gelatin  plate. 

Agar  Plate. — The  description  refers  to  cultures  which 
have  been  e«ltivftt«d  a  long  time,  Cultures  recently  ob- 
tained from  pest  cadavers  behave  somewhat  differently. 
(See  under  agar  streak. ) 

(a)  Natural  size:  After  forty-eight  hours  the  colonies 
are  plainly  visible  niacroscopically,  have  wavy,  smooth 
borders,  are  slightly  elevated,  and  cannot  be  differentiated 
from  those  of  the  colon  bacterium.  Tliey  are  gray  to 
grayish-white,  and  have  an  oily  or  moist  luster  (13,  v  n). 

(6)  Afiifinified  aixfy  times :  Coloniesroundish,  transparent 
at  the  periphery,  in  the  interior  yellowish  to  yellowish- 
gray.  They  are  universally  very  crumbly.  Sometimes 
one  is  reminded  of  a  very  granular  colony  of  diphtheria 
or  of  a  delicate  sarcina  colony  ( 13,  vii  a).  The  better  the 
nutrient  medium,  the  more  luxuriant  the  growth.     Tbinik 
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the  colonies  on  glycerin-agar  (13,  vii  b)  and  ascites-agar 
(13,  VII  c)  are  less  transjiarent  and  darker  in  color. 

The  delicate,  liny,  drop-like  coloiiifs  which  occur  when 
cultures  are  made  direct  from  pest  material  (13,  ii),  when 
magnified  sixty  times,  api>ear  less  crumbly,  sometimea 
homogeneous,  almost  smooth-bordered,  and  elevated  like 
the  head  of  a  pin.  Here,  as  in  the  colonies  in  gelatin,  the 
older  colonies  present  a  very  delicate,  transparent,  finely 
punctated  peripheral  zone,  uiion  which  the  colciny  proper 
appears  built  up  as  a  hemisphere  (13,  vi).  Young  colo- 
nies are  graj'  ;  old  ones,  grayish -yellow  to  brownish- 
gray. 

Agar  Stab. — -Difficult  to  differentiate  from  the  colon 
bact<;rium.  The  surface  growth  is  somewhat  whiter  than 
with  the  colon.     Stab  is  uncharacteristic  and  thread-like. 

Agar  Streak. — The  growth  upon  the  surface  from  fresh 
peat  material  consists  of  tiny,  delicate,  transparent,  drop- 
like coloni(«,  which  lie  close  to  each  otlier  and  appear  as  a 
delicatit  surface-layer.  The  minute  colonies  are  not  conflu- 
ent and  do  not  become  much  lai^r.  The  entire  layer  ap- 
pears grayish-yellow  (13,  ii).  The  growth  of  cultures 
which  have  been  long  under  cultivation  cannot  be  differ- 
entiated from  that  of  a  well- developed  colon  culture,  but 
is  ptThaps  a  little  whiter. 

Bouillon  Culture. — At  first  is  slightly  turbid  ;  in  course 
of  time  a  pellicle  forms,  which  at  first  is  delicate,  and  later 
becomes  denser.  Very  old  cultures  are  often  clear,  with 
an  abundant,  cnimblv  Be<lirnent.  In  sugar  bouillon  the 
sediment  is  more  marked,  also  the  pellicle  is  more  luxu- 
riant, 

Milk  Culture. — Growth  in  milk  is  slight ;  the  milk 
is  not  coagulutc<I. 

Potato  Culture. — firows  slowly,  Deposit  is  whitish 
tfl  wbitish-yillinv,  faintly  shining,  somewhat  elevated, 
crumbly.     It  is  sharply  outlined  from  the  potato. 

Special  Nutrient  Media. — Upon  Iwiiled  rice,  at  30°- 
37°.  th'Ti'  is  ;iii  utiundiint  growth  in  the  form  of  a  gray 
film  f  It'.'poil  iit  \\f  (liTuian  Pest  Commission). 

Chemical  Activities. — (n)  Chromogcnesis,  production 
of  odoriferous  and  gustablo  substances,  licjuefoction  of 
geUtin,  and  H,S  are  nbeent. 
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(6)  Indoi  reaction:  After  a  long  time;  without  the 
addition  of  Ditrite,  ei^ht ;  with  the  addition  of  nitrite, 
pronounced. 

(c)  Jbxiwf.-  Fluid  cultures,  devitalized  by  heat,  never 
cont^n  soluble  toxin.  By  extraction  from  cultures  eight 
to  twelve  weeks  old  wliich  are  killed  witli  formalin,  a  fluid 
ia  obtiuned  which  ie  very  rich  in  toxin,  and  from  this,  with 
ammonium  sulphate  or  alcohol,  a  solid  toxin  may  be  ob- 
tained, of  which  T-j^jir  of  the  lx)dy-weight  is  fatal  for  mice.  . 
Still,  in  the  serum  of  animals  treated  with  large  doses  of 
toxin  antitoxins  are  absent  (Wernicke,  C.  B.  xxiv,  859). 
Markl  obtained  similar  results.  He  obtained  the  largest 
quantities  -  of  toxin  in  shallow  bouillon  cultures  quite 
rapidly  (in  a  few  days);  he  obtained  eera  with  limited 
antitoxic  action,  but  without  any  effect  against  infection 
with  living  bacteria  (C,  B.  xxiv,  041).  Roux,  who  pro- 
duced strongly  active  aera,  found  them  strongly  antitoxic, 
but  not  liacterieidal. 

Resistance  and  Viability,— The  pest  biieiilus  is  not 
very  different  from  other  fission-fungi.  It  withstands 
drying  from  three  to  seven  days  ;  in  water  it  dies  in  from 
three  to  eight  days,  according  to  the  composition.  In 
buried  bodies  the  duration  of  life  is  from  twenty-two  to 
thirty-eight  days.  Kasansky  ]»rovetl  that  they  stand  the 
Russian  winter  for  months  (C.  B.  xxv,  122).  For  pai^ 
ticulara  consult  Toptschieff  (C.  B.  xxiii,  730),  Oladin 
(C.  B.  XXIV,  688),  Hankin(C.  B.  xxiv,  6H7),  Wladimiroff 
(C.  B.  XXIV,  424). 

Distribution. — (a)  OtiUide  the  body  :  In  India,  Hanldn 
and  Yersin  have  many  times  cultivated  non-virulent  varie- 
ties of  bacilli,  resembling  very  much  the  pest  bacillus, 
from  the  environs  of  men  in  houses  infected  with  peat. 

(6)  In  bealtky  body :  Never, 

(c)  In  dimnied  human  body :  Is  widely  distributed. 
Most  abundant  in  the  buboes,  primary  cutaneous  pus- 
tules, and  the  sputum  of  pest  pneumonia.  Rarely  found 
in  the  blood  and  organs  (compaTO  below). 

(d)  In  animaU:  Pest  occurs  spontaneously  in  rats. 
Epidemics  of  ]>e9t  in  rata  often  precede  those  in  man.  It 
appears  as  if  certain  tropical  soil  bacilli  first  become  accli- 
mated to  the  rat's  body,  and  then  ate  ttviwslOTXfei. \o  iin»!R. 
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Pathogenic  Properties  for  Man.— Cause  of  the  true 
orientul  Kubouic  or  ghiinlular  pest ;  also  of  the  poet  pneu- 
monia. MortaJity  50^-80^.  The  gates  of  entrance  are  ; 
(1)  Skin.  The  bacteria  usually  first  become  localized 
and  grow  in  the  nearest  lymph-glands  (gland-pest),  but 
often  there  develoiia  at  the  place  where  the  bacteriuui 
enters  a  peet  pustule,  which  may  be  of  the  character  of 
a  boil  or  carbuncle,  and  may  contain  very  many  bacteria. 
Death  may  occur  without  the  pest  bacteria  extending 
beyond  the  local  area,  but  usually  it  follows  a  dissemina- 
tion of  the  bacteria  throtighout  the  entire  body  (peBt 
Bepsis).  Rarely  })e8t  bacteria  also  occur  in  great  numbers 
in  the  internal  organs  ;  at  times  in  the  urine,  (2)  Lungs  ; 
peet  pneumonia.  In  the  sputum  there  are  ver^  numerona 
pest  bacteria,  often  also  in  the  hluod.  Complication  with 
streptococci  is  frequent.  (3)  Digestive  canal ;  uncertain. 
In  aninjnls  it.  has  been  demonstrated. 

Experimental  Investigations  Regarding  Patho- 
genic Effects. — Almost  all  animals  are  suscejilible  to  peat, 
'igeoii)^  are  immune  ;  dogs  and  cows  but  slightly  suscepti- 
ble (Gosio,  H.  R.,  1897,  856);  more  susceptible  are  swine, 
liorsea,  cats ;  yet  more,  monkeys  and  rabbits ;  and  most 
of  all,  guinea-pigs,  mice,  and  ral«.  Compare  Nuttall  (C. 
B.  XXII,  87).  The  pest  bacillus  may  also  become  ac- 
climated to  frogs  (Devell,  C.  B.  xxii,  p.  382). 

Guinea-pigs  inoculated  intraperitoneally  ilie  in  two  daya 
>t  an  acute  septicemia  with  few  bacteria  in  the  tissues. 
ftJter  infection  with  small  quantities  of  pest  bacilli,  death 
iccurs  on  tlie  sixth  day,  when  the  mesenteric  glands  ore 
^^urollen  and  there  are  hemorrhnges  in  the  liver  and  lungs, 
together  with  submiiinry  abscesses  and  nodular  thickenings 
t  the  omentum.  The  B)ileen  contains  whole  swarms  of 
uteria,  which  are  united  in  a  looglear  moss,  These 
(K^Iefe  are  formed  by  very  much  swollen  capsules.  Honl 
C  B.  xxn,  100). 

Guinea-pigs  are  easily  infected   through   the  digestive 
*ct,  in  wiiicli  caao  there  is  a  special  tendency  to  chronic 
Jrtiia.     (Nodules   in  various   organs,   including  lungs.) 
Itndi  and  StngnitU-Bulistreri  (Z.  H.  xxvui,  261). 
nios  transjMrt  pest  bacilli ;  bugs  and  fleas  nmiove  pest 
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'  bacilli  together  with  the  bliwd  from  animals  with  pest,  yet 
a  transfer  to  healthy  animals  appears  rare. 

Immunity  and  immunization  (consult  the  report  of 
I  tJie  German  Pest  Commission  and  Dioudonn^,  Miinch. 
fmed.  Wochenechr.,  1898,  ICG). 

Passive  immunity  may  be  obtained  in  animals,  and  to  a 
I  certain  degree  also  in  man,  by  the  subcutaneous  injection 
r  of  serum  from  horses  which  have  previously  been  treated 
I  many  times  with  intravenous  injections  of  devitalized  cul- 
[  tures ;  curative  power  is  also  possessed  by  such  serum 
■  over  aick  men  and  animals,  yet  only  in  a  modest  measure 
[  and  in  very  large  doses.  According  to  Roux,  the  action 
L  .of  the  serum  is  only  antitoxic,  not  bactericidal,  Accord- 
L  ing  to  Haffkine,  active  immunity  is  obtained  more  easily, 
I  more  che-aply,  and  also  without  any  danger,  by  injecting 
Bubcutaneously  2^-3  c,c.  of  a  well-grown  bouillon  culture 
t  after  it  baa  been  heated  to  70°  for  one  hour.  The  symp- 
I  toms  (fever,  pain)  are  upually  moderate,  and  the  injection 
Is  best  repeated  after  ten  days.  If  the  protection  is  not 
I  absolute,  and  some  of  those  injected  die  later  of  pest 
I  (I.69&  instead  of  24.6%),  yet  the  majority  are  entirely 
protected  or  are  only  amxted  very  mildly. 

Special  Methods  for  Demonstration  and  Culture. — 
1.  Not  to  incise  non- fluctuating  glandular  swellings  or 
boils  of  the  skin  for  diagnostic  purposes  is  a  professional 
failure.  In  the  pusfrom  discha.rging  ulcers,  and  especially 
in  the  sputum  of  cases  of  pest  pneumonia,  the  micro- 
organisms are  found  in  abundance.  Here  a  probable 
.  diagnosis  is  easily  made  microscopically  from  the  bipolar 
\  etaining. 

^  2.  To  certainly  demonstrate  the  pest  bacteria  in  a  drop 
of  blood  (more  readily  done  in  spleen-  or  liver-juice)  after 
staining  alone,  is  often  impoasiljle.  It  is  more  easily  done 
in  cultures  upon  gelatin  at  22",  by  observing  the  small,  ele- 
vated colonies  with  delicate,  transparent  borders.  Absence 
of  spontaneous  motion. 

3.  It  is  important  to  observe  the  involution  forms  upon 
3%  eodium-cnlorid  agar  after  twenty-four  hours'  growth. 

4,  The  serum  from  cases  ol  plague  agglutinates  pest 
I  bactei' 
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Bacterium  acidi  lactici.     Hiippe. 

trial*  14.) 

Literature. — Eup|K^,  Mitleil,  aus  dtm  Geauudhcitaamt  II,  309.  Mora 
recent  litemtnre  up  to  1891  is  given  bjScbull ;  Die  Milcb  (.WieebAden, 
1891).  Coiniwre  also  Kn.vser  (A.  P.,  I«ll,  p.  r37),  wbere  tlwre  h« 
desarih«d  15  organisms  which  iin>dai%  luetic  ncid. 

Microscopic  Appearance. — Short,  somewhat  oval  rods   ' 
(0.6-2  /I  long.  0.4-<l.()  /■  liroud;,  usually  in  pairs,  rarely  in 

longer  nhnins  (IJ,  ix). 

Motility  ninl  flagella  nrc  absfiit. 

Staining  Properties,— Stain  by  Gram's  mcthoH,  but 


not  V 
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Requirements  as  to  Nutrient  Media  and  Temper- 
ature.— iJrinvHiilmniiniUlv  ni  fiurn  :iiul  iiifiib;il"r  temper- 
ature iijioii  llie  v;uiiiiis  liiitriLiit  ini'iiin.  It  j;nnvs  l>etter 
aerobicaljy,  iiiui  imt  :\i  all  ■lorj.  in  f^itake  •juIiuium  jirepared 
from  non-sacdiarine  modia.  With  the  addition  of  sugar,  it 
grows  well  anaerol lically. 

Growth  upon  Gelatin   and   Agar. — Not   essentially 
different  from  Bact.  poli,  very  abundant,  especially  upon    ' 
agar,  and  molat  and  slimy.     Upon  gelatin,  delicate.     In 
thin  plate,  the  colonies  may  becotuc  5-10  iiitn.  in  diamot«r 
(14,  V). 

Bouillon  Culture. — Diffuse  eloudincss,  abundiuit  sedi- 
ment. 

Potato  Culture.-'— Somewhat  widely  spreai^ling,  wavy, 
smootli-eilged  growLli,  somewhat  elevated,  at  first  grayish- 
[  toyellowish-white,  latersometinies  brownish-yellow.  After 
I  longer  standing,  bubbles  arise  which  often  are  strongly    ' 
[  refmclive,  and  later  may  burst  (14,  x). 

Milk  Culture. — ComjMict  coagulation,  with  esprcsaioa 
of  clear  serum  ;  a  few  little  gas  bubbles  are  always 
present. 

Chemical  Activities. — It  foniis  from  grape-  and  milk- 
er a  mixture  of  lactic  iind  acetic  acids,  and  sometimes 
B  of  aloohol,  together  with  an  abundance  of  gas.    The 
„jlio  acid  may  be  optically  iiiiicMve  fermentation  lactic 
dd,  but  80  far  special  investisiitions  arc  lucking.    As  first 
'   BTved  by  Hiippe,  the  ix>wers  of  producing  lactic  add 
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and  of  coitgtilating  milk  are  gradually  lost  after  long  culti- 
vation u|)on  gelatin  or  agar. 

Upon  nutriuiit  madia  fn>e  (if  sugar,  there  is  a  slight  pro- 
duction of  indol,  Init  none  of  H^^. 

Distribution. — t'onntantly  '^iillivatt'd  from  sour  milk 
hy  HiipiR'  in  lii-rlin,  iuid  l>y  Ins  (lupitu  with  glight  modi- 
fieatious  (consult  SchuU).  In  Wiirzburg,  since  1888 
(compare  Dissertation  by  Job.  ClauB,  Bafcteriolo^sche 
llnterBUchung  der  Milch  im  Winter  IS8S~89  in  Wiirz- 
burg), we  have  never  failed  to  find  the  organism  in  milk 
which  had  soured  Bpontanoously  and  naturally,  and  until 
recently  we  had  no  doubt  that  it  was  the  most  important 
producer  of  lactic  acid  in  milk,  as  Htipi^e  assumed.  Milk 
which  has  soured  spontaneously  contains,  in  Wiirzburg, 
considerable  quantities  of  volatile  acud.  As  soon  as  possi- 
ble the  question  as  to  the  most  important  cause  of  lacUo 
acid  fermentation  will  be  restudied  in  Wiirzbui^.  Com- 
pare page  224. 

Demonstration  and  Differential  Diagnosis. — As  dif- 
fering from  Bnct.  GiintlR'ii,  tin*  I'.lic  t.  w\'\\  l;uti(.-i  grows 
well  Ujwn  the  ortlinary  nutrirnt  mi'ilia,  and  produces  gas 
vigorously.  As  regards  the  staining  by  Gram's  method, 
variations  occur.  In  order  to  bring  the  findings  into  a 
scheme  wo  call  the  forms  not  stained  hy  Gram's  method 
Buct.  lactis  aerogeuee  (see  below),  and  leave  the  question 
open  OS  regards  the  kind  of  relationship  existing  between 
th^e  "species." 


I 


Bacterium  aerogenes.^      (Kruse.)     L.  and  N. 

Synonyms.  ^ — Bacterium  lactis  aerogi'nfs  Escherich,  Ba- 
cillus aerogeucs  Kruse. 

LiVeni(u«.— Escherich,  Die  Diimibakterien  ilea  SSiiglingB,  18S8, 
page  57. 

'A  Bnct.  lactia  aerogenes  oblaiiieil  from  Kr&l  presented  from  1  tn  3 
ureguUrty  ariBnijn],  lon^  flo^tlo,  and  waa  thus,  according  to  onr 
ideas,  a  typical  Bttct.  coli.     It  uIho  proilnocd  iudol  very  viffoniiinly. 

*  We  oaonot  undeTstond  hon  Krone  deirigiiat«8  the  Bnot  noidi  lac- 
'■  '  08  B  variety  of  tlie  Boot,  otm-^npa,  which  wan  deflwilx^l  nuuiy 

re  later.  If  one  name  i»  to  be  eliminated,  aecordiag  to  priority,  it 
inost  nnquestionahly  be  that  ot  Bact.  aerogenea. 
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This  variety,  firet  isolateil  from  the  niilk-Htoola  of  in- 
fante by  Eschericli,  is,  according  to  our  investigations,  and 
according  to  Esoberich's  own  statemente,  to  be  differenti- 
ated from  the  Bact.  acidi  lactici  merely  by  the  absence  at 
staining  by  Gram'a  method  ' — a  characteristic  upon  whiah< 
no  great  value  can  be  placed  according  to  recent  experiencea. 

A  further  difference,  which  Eecherich  understands  from: 
Huppe's  description,  that  Huppc's  organieni  was  an  obli- 
gate aerobe,  we  caunot  recognize  according  to  our  investi- 
gations as  present,  for  as  often  as  we  isolated  the  Bact 
acidi  lactici  from  sour  milk  in  Wurzburg,  it  always  pro- 
duced fermentation  anaerobically.  We  cannot  place  any 
great  value  upon  the  luxuriant,  sometimos  hemispheric,, 
Biimy  growth  upon  the  surface  in  the  gelatin  stab,  whi<^ 
he  likens  to  tho  [trnn-th  of  the  Bact.  pneumonia;.  Eecherich 
has  evi'n  sci'ii  ixri|>li.iii9. 

Metabolic  Products. — Alcohol,  acetic  acid,  active  lao* 
tic  acid,  siici'iiiic  inid,  and,  acconiing  lo  Neucki  (C.  B,  x 
82),  also  CO,  and  H.  According  to  Smith,  about  30%. 
40%  CO,,  60"7e-70%  H.     Indol  is  not  produced. 

For  us  Bact.  lactis  aerogenes  is  the  name  for  a  form 
without  fliigetla,  parallel  to  the  typical  {jcritrichoas  BacL 
coli,  or  for  a  Bact.  acidi  lactici  which  is  not  stained  by 
Gram's  method.  Transition  forms  certainly  may  exist,^. 
compare  remark  1, — but  one  proved  to  be  well  founded  " 
not  certainly  known  to  us.  Very  closely  related  is  the 
Bact,  diatrypeticum  casei  Baumann  (C.  B.  xiv,  494), 
which  is  widely  distributed  in  milk,  water,  and  soil,  and 
causes  the  cavities  in  cheese,  or  ptThai)s  aids  in  their  for- 
mation. Composition  of  gas :  63%  CO,,  37%  H,.  It  is 
provided  with  a  capsule. 

We  can  see  no  final  pnmf  in  the  investigations  of 
Sdieffer  (A.  H.,  1897,  xxx,  291)  by  which  he  attempts 
to  make  a  distinction  between  the  two  varieties  dependent 
upon  immunization  and  agglutination  experiments,  for  we 
remember  that  the  different  varieties  of  the  streptococcua 
furnish  no  reciprocal  ininmnity,  and  that  each  form  of  the 
Bact.  cnli  furnighee  a  serum  which  strongly  agglutinates 
only  the  form  concerned. 


% 


i 


Jk 


BACTERIUM  OUNTHERl. 


Here  belong  the  following  non-motile  varieties,  which 
ferment  grape-  and  milk-sugar  : 

Baclerium  cavicida  Brieger.     Zeit.  t.  phjs.  Ch.,  S. 

Bacleriuro  neapolitanum  Eimnerich.     C^ld^nted  from  a  eeries  ol   ] 
cboleis  cadavers  in  Naplra  and  once  frnm  fbe  blood   of  a  cholei»   ' 
patient.     It  »  uol  the  oaiist  of  eliolera.     Aooording  to  Bunhner,  tJ 
modente  TibraCuiy  motion  ia  not  purely  molecular.     Plagclla  ore  a 
known.     If  it  poaaeased  fln^lla,  llicn  it  would  be  oonsidered  as  Bac 
coli.     Compare  Weineer  (Z.  H.  I,  315). 

Bacterium  of  Bepticemia  of  cats  Lehm.  and  Ntum.     Cnltfvated    , 
from   a  cat  which  died  spontaneously.     Killed  cats   witb   (yphoid 
svmptoms.     A  more  delAited  description  in  still  lacking. 

fiacteriuin  of  dermatitis  epidcmica  exfoliativa  Russel  (C.  B.  : 
331).     Unknown  to  us. 


Bacteriu: 


I  caucasicum. 


(Kern.) 


L.  and  N. 


.  Frea- 


^r>iaaynu.~*Di3poin  caacaaioa  Kem.     Baoillns  c 
denreioh. 

Lileratitrf.—v.  Preudenraicli  (C.  E.  L.  ni,  47,  87,  1351. 

Microacopio  :  Rods,  nlxint  .>-6/i  long,  1  /i  broad,  wliich  often  present 
smalt,  clear,  globolof  sn'elliDgs  at  the  ends  (are  not  sporea  I  ).  Very 
slightly  motile. 

Freah  oaitnreH  grow  ptKtrl;  or  not  at  all  upon  gelatin  or  milk-sngar 
gelatin  ;  on  the  contrary,  old  oulturea  grow  n-i'll.  Upon  milk-«gar 
tliere  develop  whittsh-gray,  flat  colonies  with  a  somewhat  jaggiA 
border  due  ta  ontwani  projection  of  individnal  bacteria.  Milk  ia  not 
ocMKolated.  Little  gas-formation  in  railk  ;  grown  well  in  milk-mgar 
bouillon.     Growth  at  '22°  is  fcehle  ;  37°  is  the  optimum. 

Aocordine  to  Kern,  it  is  the  cause  of  kephyr  fermentation,  v. 
Freudenreich  obtained  kephyr  insti^rite  milk  most  oft«n  (not  always) 
if  he  mixed  together  tour  varieties;  (1)  The  kephyr  yeost  ;  (2  niid 
D)  two  streptococci  isolated  from  Zephyr  ;  (4)  the  Bact.  cancasicum 
but  also  with  the  yeast  and  the  two  streptocooci  there  resulted  I 
tolerable  production  of  kephjT. 


Bacterium  Giintheri.     Lehm.  and  Neum.     Qtinther 
and  Thierfelder  (A.  H.  xxv,  i64). 


Mi). 

Nomenclature. — Gunthcr  and  Tliiertelder  have  not 
naraed  their  oi^nism.  In  our  first  edition,  pulilished  in 
Afav.  1896,  wc  gave  it  the  name  Baetoriuiu  Giintheri  L, 
and  N.  This  name  niiist  stand,  tor  also  Lcichmftnn,  who 
had  received  the  organistn  from  Giinther  and  ThierfeldeE, 
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hut  dill  not  especially  study  it,  designated  it  by  the  name 
•  Bacterium  lactis  acidi  For  the  first  tiine,  so  far  as  we  con 
ste,  in  Decemlier,  18%  (C.  B.  L.  ii,  777).  Aside  from 
till!  qiieation  of  priority,  it  is  very  impractical  lo  introdace 
a  Bncteriuni  hictis  acidi,  together  with  a  Eiicterium  acidi 
lactici.  Besides,  Leichmaiiu  has  also  called  a.  longer, 
slender,  tlieriDOi)hilic,  non-sporulating,  acid-produciiig 
vnrioly  Bacillus  laclia  acidi.  L/ater  than  our  name  ia  a' 
Bacillus  lacticus  Kriise.  Lately  Ko»ii  has  introducedg 
Bacillus  acidi  paralactici  (Z.  H.  xxxi,  337). 

Microscopic. — Short  rods,  l/i  long,  0.5-0.6;i  thick,  iaJ 
pairs  nr  short  chains ;  at  tlic  ends  somewhat  pointed  fm 
staina  ljy  Gram's  method  ;  non-niotile,  facultative  aerobe,! 
Upon  ihe  gelatin.  pUitc:  Puiictiform  colonies,  never  mo»<1 
than  0.5  mm.  in  diameter  upon  medium  which  does  notf 
contain  sugar ;  when  sugar  is  added,   they  ore  a  littl^l 
larger,  but  always  very  delicate,  and  never  liquefying.     Ia  I 
the  stab  culture  there  is  often  scarcely  anything  but  ade^ 
growth.     UjxmAeagarjikUe:  Delicate  trnnsparentgrowth, 
like  the  finest  dewdrops.     In  bouillon :  Slight  cloudineee 
when  no  sugar  ia  present,  marked  turbidity  when  sugar  o 
milk  are  attded.     Milk :   Coagulated  ;   reaction   strongly 
acid.     From  grape-  and  nu'lk-sugar  pure  dextrorotatory.^ 
lactic  acid   (no   other  acid)   is   produced,  but  no  | 
Upon  potato  there  is  a  limited  growth. 

Distribution, — According     to    Leichmann,    Giinther,  ■ 
Thiertelder,  and  Koatj,  it  18  founil  in  abundance  in  all  ] 
spontaneondy  coagulattHl  milk,  and  is  cither  the  general  J 
producer  of  lactic  acid  or,  at  Icnat,  the  most  important  for 
certain  places  and  times.     Yet  the  single  fact  that  spon- 
taneously soured  milk  contains  preponderantly  the  long- 
known  inactive  fermentation  lactic  acid,  shows  that  other 
varieties  besidra  the  Bact.  Giinther!  are  concerned  in  tba 
procees.     Compare  Leichmann  (C.  B.  L.  ii,  777).  ■ 

Kozai  (Z.  H.  xxxi,  337)  has  demonstrated  for  Halln  1 
that,  esjK'cially  at  higher  temperature,  two  varieties,  which 
priwlitci?  lactic  acid,  work  tngilhcr.  Tliey  are  given  the 
n:njii's  Bacillus  acidi  Isevolactici  :iiul  Micrococcus 
acidi  paralactici  liquefaciens  Halensis.  By  this  last 
name  the  necessity  of  the  binoniial  nomenclature  might 
Strikingly    pointed    out.      Why    not    Micrococcus 
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halensis  ?  The  Bac.  acidi  l«evolactlct  reseinbles,  morpho- 
logirally  and  biologically,  the  Bac.  acidi  lactici  Huppe, 
but  at  room  temperature  only  coagulates  milk  slowly  (often 
milk  becomes  a  thick  fluid  only  after  twelve  days),  while 
in  the  incubator  it  coagulntes  milk  rapidly.  The  acid 
formed  is  levorotatory  lactic  acid.  The  coccus  is  pro- 
vided with  a  thick  capsule,  liquefies  gelatin,  and  forms 
dextrorotatory  lactic  acid.  During  the  iinal  reading  of 
our  proof-sheets,  Leichmann,  in  a  partial  work,  claims 
to  Gnd  in  sour  milk,  besides  his  Bact.  lactis  acidi,  also 
the  Bact.  acidi  lactici — in  the  layer  of  cream,  often  even 
in  preponderating  number  ( C.  B.  L.  v,  344). 

Special  Culture  Methods. — Ordinary  gelatin  or  agar 
plates  do  not  give  good  results  Iieeause  of  tlie  minuteness 
of  the  colonies.  The  best  medium  to  employ  is  a  chalk 
medium  (see  Technical  Appendix)  which  contains  grape- 
or  milk-GugaT.  Upon  this  the  colonics  are  surrounded  by 
a  clear  halo.  Also  good  results  are  obtained  with  milk- 
peptone  gelatin.    One  pays  attention  to  the  small  colonies. 


Bacterium  pneumonia:.     Friedlander.' 

(I'lute  !.■).) 
Il/n-a/tirp.— Friedinnder  (Fortechr.  H.  Med.,  Bd.  I,  715,  el 

Synonyms. — Pneumonia  bacillus  of  Friedlander.  cap- 
sule bacillus  of  pneumonia ;  also  compare  pages  227  aad>l 
228. 

Microscopic  Appearance.-^Short  rotls  (0.6-3.2/1 
long,  OJ>-i).H  II  hroadj,  with  rounded  ends.  When  from', 
the  animal  body,  they  present  a  thick  gelatinous  capsule, 
which  is  developed  only  in  milk  among  the  nutrient 
media. 

Spontaneous  motility  is  absent. 

Staining  Properties. — Stains   by  the  usual  methods 

'  Till'  Bact.  tholdideum  fliasncv  is  only  difleretitiated  by  its  cflect 
n|ion  mioe  (A.  H.  ix.  I2SI1.     -Also  the  Bact.  butyri  colloidcum  Lafar 
nil,  607),  oinstautly  present  in  Imtttr,  neeordinR  to  Loifar, 
aim  relatieU,  althfiuj^h  not  yet  sufficiently  dpseribed  biolog- 
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even  in  the  cold,  hut  not  hy  Gram's  raetliod,  Tlie  cap- 
eules,  which  are  colorless  after  the  usual  stain,  may,  how- 
ever, he  stained,      (See  Technical  Apiwiidix.) 

Requirements  as  Regards  Nutrient  Media  and 
Oxygen. — Grows  luxuriantly  upon  all  the  nutrient  niettia 
employed,  both  with  and  without  oxygen. 

Gelatin  Plate.— {«)  NatunU  size.  Superficial :  Round 
or  roundish,  moist,  white  colonies,  witli  even  horder, 
usually  much  elevated,  rarely  flat,  with  a  slimy-fatty  luster. 
Deep :  Roundish  to  whetstone-ahaped,  yellowish-white  (16, 
V). 

(6)  Magnified  fifty  times.  Siiperfiaalt  Round  colonies 
with  smooth  border,  reddish  to  yellowish-brown,  trans- 
parent only  at  the  periphery.  Sometimes  there  extend 
outward  from  the  center  rays  which  appear  as  dark  brown 
thorns  and  points  upon  the  lighter  underlying  part  (15, 
vn).  Usually  a  structure  can  scarcely  be  distinguished. 
Deep:  Roundish  to  whetstone-shapetl,  smooth  border, 
brown,  opaque  (15,  vi). 

Gelatin  Stab. — Stab :  Well  developed,  yellowish-white, 
like  a  string  of  pearls.  Surface  grimtk :  Elevated,  like  the 
head  of  a  nail.  The  gelatin  is  sometimes  a  little  brownish 
about  the  puncture-,  but  never  liquefied(15,  ii). 

Agar  Plate  and  Stab. — Similar  to  the  growth  in  gela- 
tin, only  the  colonies  are  perhaps  still  more  luxuriant  and 
moist*  r. 

Sometimes  we  observed  in  plates,  iuateod  of  the  ronndiafa  deep  ool- 
ODies,  single  deep  veil-like  xprcading  mlonint,  some  of  whiuh  are 
reprudund  in  Plati'  l.'i,  \tii. 

Agar  Streak. — Growth  spreading  moderately,  whitish- 
yellow  to  gr.iy,  with  a  moist  luster,  much  elevated,  eepe- 
cially  in  the  middle,  The  bonier  is  smooth,  wavy,  and 
the  jioriphcry  tnuiBparent.  Water  of  condensation  is 
cliiii.iy,  with  a  slimy  deposit  (15,  i). 

Bouillon  Culture. — Very  cloudy,  with  a  slimy  deposit 
at  the  bottom,  which  upon  shaking  becomes  homogeneous. 
Bouillon  becomes  somewhat  thickened. 

Milk  Culture, — Not  coagulated  after  twenty  days,  Abel 
never  found  milk  coaguhited  by  true  Bact.'pne'umoniiB, 
but  the  opposite  was  observed  by  otiiers ;  for  example, 
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Liiwenber^  (A.  P.,  1894,  292).  Compare  llie  obscrva- 
tioiiH  of  Denya  and  Martin,  pagu  229. 

Potato  Culture. — Thick,  moist,  highly  Bhiiiing  growth, 
with  smooth  but  scalloped  border,  bright  yellow  to  gniyish- 
brown.  It  is  gradually  separated  into  padded,  connected 
8ecti()ns,  eBpecially  at  the  border. 

Chemical  Activities. — From  grape-  and  milk-sugar  the 
bact/riiim  produces  ahnndant  acid,  t<^ether  with  CO,  and 
H,  (40^  CO,,  58%  H„  Th.  Smith).  P.  Fr:inklaiid  demon- 
strated as  fermeutatioii  produut^:  ethyl  alcohol,  acetic  acid, 
a  little  formic  and  succinic  acids.  It  is  surprising  that 
lactic  acid  is  not  mentioned.     Indol  and  H,S  are  scanty. 

Distribution. — {«)  Outride  the  hndy :  Cultivated  by  Em- 

^merich  from  the  foul  Root  of  a  prison. 
(6)  In  htaitky  organmn :  Honietimi-s  in  saliva, 
(c)  In  diseaned  huirum  onjanhin :  As  the  cause  of  a  few 
caseB  of  pneumonia  and  bronchitis,  then  occji^ionnlly,  but 
not  very  often,  as  the  cause  of  inflammatory  and  suppura- 
tive processes  in  almost  all  the  organs  of  the  body;  rarely 
&9  the  cause  of  pyemia  and  septicemia.     Often  also  found 

Iifp  the  blood.  Rarely  it  causes  cystitis  (Moutt-Baavedro, 
f.  B.  XX,  171). 
t  (d)  In  animals:  The  cause  of  pneinnonia  in  horsps,  dis- 
Mvered  by  Schiitz,  is  monthologically  almost  identical 
(Arch.  Tieriieil,,  xin).  Nail-head  culturi«  usually  are 
lacking  and  the  growth  upon  gelatin  is  flatter.  The  organ- 
isms are  abundant  in  the  lungs  and  pleurie,  i.  c,  especially 
in  tlic  necrotic  parts,  hnt  p]>;mtiiilv  in  the  blood.  Fiedelcr 
subriLiiitiiit.M  il„.  liiulin-s  ill  nil  points  (C.  B.  x,  310). 

Immunity  and  Serum  Diagnosis. — Active immuniia- 
tion  is  |">ssiKl.> ;  tin-  sltuoi  c:ium*s  agglutination,  although 
till' IS.  i'.  irt  non-iiiotile.  LLindstciner  (Wien.  klin.  AVuelicn- 
schr.,  1897.439). 

Results  of  Experiments  upon  Animals. — Mice  be- 
coniL'^it^k  after  subculiincous,  more  certainly  after  intrapul- 
ninnary  injection,  also  after  inhalation,  and  soon  die,  with 
the  appearances  of  septicemia.  Also  guinea-pigs  and  <l«jzs 
are  susceptible,  but  rabbits  ore  not. 

•Of  the  numerous  cloaclv  related  varieties  >  we  must 
ijltoo  tlie  BpeciCB  jn  tbe  following  list  (capmle  Iwilli  of  B"U.ora) 
y  be  ooosidcred  as  forms  whicb  "«  identwaV  •wvJJo.  w  -^•■«'«  ^^^i"*- 
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mention  two  somewhat  more  extensively,  because  they  are 
found  in  typical  infectious  diseases  of  man,  even  though 
they  differ  morphologically  from  tlie  other  forms  only  in 
the  inauilicieiit  ciiamcteristics  already  mentioned  in  the 
key  to  the  recognilion. 


Bacteriun 


(Abel).      Lehm.  and  Neum. 


Bacillus  miuxwnsozniiiie  (Abel,  Z.  U.  xxi,  m);  Lowenherg  (A.  P.. 
lW)l,3a2l.    PuulSBii:  BBuWriuiaot  iitiDphie  rhinitia  (C.  B.  XIV,  249). 

Itixis  of  very  varinhle  length,  wvpsnlc  in  the  btnly  (rfteii  double  thi- 
width  dF  thebacilloBon  each  side,  nniietimescnpanlesoDciir  in  niillcenl' 
tuns.  TheoaltnrM  an;  not  diflereDt  Irom  thuee  ot  Boct.  pneDmoniiu, 
only  Ihey  are  Bomcwhat  niotv  fluid.  The  tormattnn  ut  gss  upim  potalo 
or  coB^nlation  of  milk  was  never  nbeerved.  Honictiiues  marked,  snnie- 
tiiuee  slight  femientfition  of  grape-sngar.  Old  onltaree  minetinies 
bttxime  a  little  bniwnisli,  but  without  a  brown  colcw  of  the  nutrient 
medinm  being  pniduced. 


to  the  Bttct.  pnennioniic,  bemnHc,  nfler  nil  we  know  to^y,  we  cannot 
rccngniEe,  as  tme  characferistiea  of  species,  alight  differences  of  adaptft' 
tion  to  a  oertnin  variety  uf  animal,  tlie  luxuriance  ut  growth,  t' 
imperfection  of  Gram's  stain,  or  greater  or  Itaa  ability  to  product:  U 
mentation: 

Baoillus  pneamonioi  Friedliinder  (Fortschrittc  der  Medizin,  188 
I,  715). 

Bocillns  pseudopuenmouicoa  PasHet  (Aetinl.  derd 
Berlin,  1KH3}. 

is  capsulutiis  Bonloni-UCfreduEzi  (Z.  H.,  Bd.  ni,  IBS 


n  Mori  (Z.  H,,  Bd.  IV,  18C 


Protens  h 
p.  3*1). 

Oi]Hnli.-  iHK'illns  from  <'nnnl-vval 
p.*-!). 

C*pau1)-  tncillus 

QlliBiile  bacilliu' 
C.  B.  vn,  570). 

Capmile  liacillua  of  Kockel  <Fort.  d.  MmI..  Bd.  IX.  1891,  331). 

Baoillaa  rapeulatua  mucoaus  Fnstrhing  (C.  B.  Xil,  304). 

CspBule  bacilluH  of  v.  Dangrren  (C.  B.  xiv,  ri41). 

Capsnle  badllua  of  Mnrcliniid  (C,  B.  XV,  p.  42=H. 

Cbpnile  bacillus  of  Nit-olaier  (C.  B.  xvi,  p.  GOll. 

Oipsule  hoctUuB  in  kcnilomalaola  ut  Loch  (C.  I 
Utomlum). 

BtKilUtu  aptitimnuB  Pansini  |C.  B.  IX,  66fi).     ftomcwlMt  more  p 
DontMinl  diftirrntintion. 

BacilliiH  Kpnligpniis  ciriffiuii  Kn'ibohm  (C.  B.  VII,  3ia).     (Stwned  % 
Omm'sll 

Baciltua  oi'mgrnrn  HpuliRrQiiH  cnpanlatna  Horla  <C.  B.  xxv,  3G0). 

BaoillnflmpMibttiM  chinenttis  A.  Hiuuillun  [C.  B.  L.  IV,  230).    (Af^ 
mij«  fonufl  oai)iul«M )  literature  rttmnii.-.) 


BACTERUm  BHlS'OSVLEROMATm. 


229    H 


The  organism  oooars  rc^larl.v  in  ozena  (foul),  bat  kIbo  in  pure 
atrophic  rhinitis  withont  oilur.  Tiie  nignilicftnce  of  the  organiani  in 
the  production  of  the  ozena  is  therefore  very  qnestionable,  just  im  id 
the  significance  of  the  peendodiphthuria  bacillus,  which  Ih  often  siuiul- 
tatieouHljr  found.    JnmHZ  nn<l  Hecht  go  so  fur  na  to  question  the  aig- 

nilicaiice  of  bocteria '"    ...-..--.-...--  ... 

nose  with  a  putrid 
eiischr.,  1898,  No.  7,  198| 

Mice  die  in  from  one 
rale  and  jpilneo-pigH  ori 


Bacterium  rhinosf^eromatts  v.  Frisch. 

titenriwf.— Pttltonf  (C.  B.  I,  236);  Beuder  (C.  B.  l,  563);  Dittrich 
(C.  B.  II,  89,  433);  Bab*a  (C.  B.  n,  817);  Dittrich  (C.  B.  v.  145); 
Zagari  (C.  B.  vi,  450).  It  beliavm  in  all  essential  properties  like  the 
Bant.  pncDmoiiiie,  yet  manj'  authors  (Dittrich,  Zagnri)  find  it  stains 
b;  Oram's  metbod,  bnt  others  do  not.  The  growth  in  the  gelalin  stab 
abowB  the  nail-head  tomi,  is  more  of  a  transpnrent  (limy,  utw  not  quite 
M  white  as  in  the  Bact.  piieamonias.  Further  differences  <nn  not  he 
found  even  by  the  vigorous  advocates  of  a  diKeience  between  the  Bact. 
rhiuomteramatis  and  Bact.  pneumoniie.  According  to  faltaut,  milk 
is  ooa){alated  ;  aocordiuK  to  AIn.-1.  it  is  not.  It  is  found  in  all  (uses  of 
typical  rhinoecleromu  (infrequent,  hard,  ronnd-colled  tumors  tit  the 
lioee,  partly  subcntuniHiDS,  partly  suhoiucous ;  more  rarely  in  throat 
and  larynx)  and  claimed  to  be  the  muse  of  the  same.  In  animal  and 
hnman  experiments  a  reproduction  of  rhuioscleroinu  has  never  sno- 
ceeded.  De  Simoni  doahud  that  the  organiMm  ia  different  from  the 
above  members  of  the  group  of  Bact,  pneumoniie,  aitd,  atwve  all,  tliat 
it  is  the  cause  of  rhinoscleroma  (C.  B.  sxv,  (tSfi).  The  constant^  of 
the  occurrenoe  of  the  organumi  in  all  cases  of  rhinoscleroma  examined 
baoteriola)pcally  remains  aa  an  inconl^«tablc,  si(;niHcatit  hict.  Dittrioh 
found  the  organism  gcneislly  to  be  scarcely  at  all  pathogenic  ;  otheia 
observed  mice  to  be  about  as  suaceptible  to  it  as  to  the  Bact.  pneu- 
monite,  and  piitica-pipi  lem  no. 

Critical  Remarks  Regarding  Bact.  acidi  iactici,  aero- 

senes,  pneumoniee,  rhinoscleromatis,  and  ozeenic. 

These  varieties  are,  as  a]ipe«rs  from  the  (Jescription,  at 
least  closely  related,  and  only  to  he  differentiated  by 
biologic  charactt'rifltioB  whioh  are  known  to  be  variable. 
Besides,  Denys  and  Martin  (La  O^lhile,  ix,  1893,  p.  261; 
C.  B.  XVI,  127),  by  repeattd  oultivation  of  pure  cultiiree 
in  milk,  have  brought  the  Biu^t.  piieunioiiiip,  from  three 
different  sounx'S,  to  a  condition  where  it  coagnlates  milk  ' 
with  the  greatest  energy,  and  also  prodnees  gas  from  milk- 
sugar,  Inversely,  after  being  grown  for  eleven  months 
upon  gelatin  the  power  of  breaking  u\i  gta.-^  »»i.  t;  "" 
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sugar  with  liberation  of  gas  was  loet,  the  cultures  then 
growing  thin  and  delicate  upon  potato,  hut  still  coagii- 
iating  milk.  They  thus  resembled  ttie  Duct.  Giintheri, 
but  it  is  stauicd  by  Gram's  method. 

For  us,  consequently,  all  tlie  above-mentioned  forms  are 
botanically  only  biologically  chtiracteristic  adaptation  forms 
of  the  same  orgiiniam,  which  must  come  under  the  oldest 
name  of  Bacterium  pneumonia  Friedlauder.  For  practi- 
cal purpoaca  we  will,  as  formerly,  differentiate  the  "  varift- 
tiea,"  but  we  must  be  conscious  of  their  close  relationship 
and  of  the  i>088ibility,  in  part  proved,  of  their  being  con- 
verted into  one  another.  These  conclusions  agree  essentially 
with  the  statements  of  Kruse  and  Wilde  (Fluj;ge-K ruse's 
Lehrbuch,  iii.  Aufl.,  p.  336,  and  Wilde,  Diss. ,  Bonn,  1896), 
founded  upon  special  studies.  They  have  made  observa- 
tions regarding  the  variability  of  flagella,  especially  in  this 
group,  which  coriespond  exactly  with  what  occurs  in 
other  groups,  as  we  know  from  our  own  observations  or 
from  what  is  found  in  literature,  so  that  the  relationship 
with  the  colon  group  stands  out  yet  more  strongly.  We 
have  failed  lo  distinguish,  likt-  Kruae,  a  Bact,  coli  immo- 
bile, yet  the  less  moist  forms  of  Bact.  aen^nes,  according 
to  our  own  and  Kruse's  judgment,  can  not  be  distin- 
guished from  the  Bact.  coli  except  by  a  lack  of  motility. 

Bacterium  lactJs  viscosum.    (Adametz,  C.  B.  ix,  698.) 
Lehm.  and  Neum. 

lleaeinlilui  the  Bact.  piieunioaiip  liotli  m.icmecopicaUy  and  mictw- 
Boopknlly.  l^jion  tliu  gelntin  plate  it  often  appeaiB  us  elevated 
droplete-  Noii-iuotUc,  with  oapmUes,  itaininjc  by  Gram's  nietliud. 
The  TOifnor  Rmwlh  in  the  gelatin  sIaIi  is  wide-apread  but  not  very 
Itunriant;  nimn  aintrnnd  polnM  abnndant.,  white,  t«'iinciona.  N^ilher 
ampe-noriiiitk-Hutou'  iarermented;  little  indol  and  no  H^  ore  formed. 
HiUc  knd  bnuilinn  gnKliially  tK«ome  vinooan,  slimy,  and  nioy  be 
dmwn  out  in  ioiiK  tlirxmlD.  The  milk  Is  not  ooBKnlated,  and  is  feebly 
•Hudlnr;  liMiilluii  bci<unii!8  very  cloudy.  The  Blinie  is  n  oarbohydrstf, 
wbtob  ariKimttt«  from  the  rai»niles  of  the  baoteria.  In  our  culture, 
Obtainnl  from  KrAI,  nothiiii;  wa«  to  b«  Keen  of  the  s|iore-fornutioii 
whicti  Ziiii [nermann  olaiinRtu  have  awn.  Tlie  orKaniam  vfas discovered 
hj  AtUroctK  Ds  an  impnrlnnt  mi>iiiy  of  llie  hotter  indnatry,  the  cream 
Moomin)!  slimy  uid  the  hutl«r  oblnined  thrreTroni  spoiling  and 
*"*"nln({  Boft  anil  pbIp.  Pimml  by  Zimraenniuin  in  water.  Ij^ich- 
i'm  hnciltna,  wliivb  i*  Minu'tthnt  theminphilic,  iloca  not  form 
*,  Wid  tenueuls  sugura,  appean  dillcnmt  (C.  B.  XVI,  laS), 
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The  Bacterium  Hasaii  Gaillebenn  (C.  B.  xi,  439)  is  different.     It 
'    ia  actively  motile,  liqaeQeB  gelatin,  And  forms  no  mpxale.     It  like- 
wise niakefl  milk  teiutcjoua  and  no  Hporea  are  dnierilied.     In  the  tataa 
pliuie  amy  he  found  some  further  slatenienta  re)i;ariliiig  varieties  nhiob 
"ompore  also   Micr.  Freadenreichii  Guil. 


Bacterium   Pfliigeri ' 
ph  OS  pho  resce  n  s . 


fLassar)    Ludwig.     Bacterium 
Bernh.  Fisclier  (Z.  H.  ii,  92]. 


B.  11,  372);  K,  B.  Lehmann  (C.  B,  V, 
I,  616,  651)j  Kata  (C.  B.  IX,  157). 
Jti'TO'CopirallSI,  Bhort,  plump  rods,  amgle  or  in  pairs.  Also  spher- 
icsl  and  short  oval  foni;»  uccur.  Striking  involution  forms  appear  in 
old  cultures.  There  are  neither  spontoieoua  niotiiui  nor  flagello. 
Beijerinck  claims  to  have  obserretl  spontaneona  motion  in  sea^iraler. 
Facultative  anaerobe,  but  does  nut  emit  light  when  air  ia  excluded. 
The  addition  of  3;^  of  sea-Halt  is  ruvoreble.  Optimam  at  20°,  nuuci- 
mnm  at  about  39°,  minimum  at  0°,  rt)on  gelatin  and  ounir  it  is 
indistingnishable  from  the  Baot.  acidi  loetici  ;  once  we  obtained  npoil 
gielatin  plates  colonies  exactly  like  those  in  Plate  19,  I,  with  moet 
peculiar  out^^wtlis.  Older  gelatin  and  agar  colturea  exhibit  a 
tendency  to  become  yellowisli  and  yellowisli-hrown.  Gelatin  is  never 
Ijqnelied.  Potato  cultures  are  yelloiviah,  moist,  sometimea  with  ^ 
bubbles.  Grape-  and  inilk-sngur  and  maltose  are  converted  into  aoid, 
wcomponied  by  abundant  formation  of  gaa.     Milk  is  coagulated. 

The  emission  of  whitiah,  greenish  light  is  intense  if  oxygen  ia 
admitted  an  long  as  the  cultures  are  frequently  tranafeiTed  to  fresh 
DDtiient  media  containing  salt ;  but  if  thia  is  omitted,  the  eoiiaaion 
of  light  is  soon  lost.  For  a  time  the  photogenic  function  ma;  be 
I  e^enerated  by  tmiLiplantatiou  upon  salt  (lierringa)  n^latin,  but  it  is 
[  permaoently  Inst  in  time  if  the  bacteria  are  cultivated  upon  ordinary 
media  with  infreqnent  transfer.  Conoeming  the  photogene^,  omn- 
paie  page  57.  A  few  drops  of  phnspboresocut  Iwuillon  cnlture  maf 
give  a  milky  luster  to  a  liter  of  aea-water. 

Neither  the  bacterinm  nor  ita  metabolic  products  in  small  amounts 
■re  harmful.  It  lives  in  the  northern  sch«,  cni^WD  atKOsioiially  phoa- 
^orescent  swi,  more  often  phosphorescence  of  fish,  meat,  elc. 

The  Bacterium  of  Giard  (C.  B.  vi,  fi-15  ;  Vlir,  177),  which  is 
■  pathogenic  for  crawfish,  and  makes  the  living,  inoculated  animal 
\  phosphorescent,  appears,  from  the  incomplete  description,  to  be  simi- 
lar. Phosphoresci'nt  gnats  (raycotophila),  observed  aa  nuitiea  in 
Germany,  must  owe  this  property  to  bacteria.  Hcnneliei^  (C.  B. 
XXV,  IM9).  The  phosphorescent  bacillus  desnribed  as  Ptaolabacte- 
Ttum  javanicum  Eyknianii  (C.  B.  ix,  656)  is  plnmp  and  motile. 
Begarding  a  second  group  of  photogenic  micro-organisnia,  see  under 
Tibrio  allx-'neia  I^ehm.  and  Neum. 

s  from  B.  Pfliigeri  by 
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Bacterium  typhi.     Eberth,  Oaffky. 

(Plates  IG  and  IT. ) 

Ordinary  Names. — Typhoid  badllus,  BaciliuB  typho-  I 
sua  Kruee-FIiiggt:. 

LiUralare. — Exliaufltive  list  ol  IJtemtare  (089  in  number)  by  Lom-  J 
ner  (A.  O.  A   Xi,  207).  ■ 

Microscopic  Appearance. — In  organs  iisimlly  short,  ^ 
rather  plump  rods  (1.0-3.2  fi  long  and  O.6-O.8/1  broad);! 
much  leES  often  found  in  short  chains.     In  cultures  ^'] 
forms,  from  short  rods  to  long  threads  occur,  threads  heiiig;^ 
especially  well  developed  upon  potatoes  of  aind  reaction.  \ 
The  shining  polar  bodies  are  not  spores  (sue  bulow).    Ao-  1 
cording  to  Leo  Miiller,  however,  the  abundance  and  regu- 
larity of  the  occurrence  of  these  bodies  upon  feebly  acid 
nutrient  media  distinguishes  the  Bact.  typhi  from  the  B. 
coli  (A.  K.,  I.  Band,  Heft  I.  1S94)  (17,  Vlii). 

Spontaneous  Motion  and  Flagella. — Active  motion 
of  the  abort  rods;  in  threads  a  very  beiiutiful  snake-like 
motion  is  semi.  The  flagella  are  long  and  tortuous  and 
are  located  all  about  the  surface  of  the  bacteria  in  num- 
bers of  H  to  14  (17,  IX,  X). 

Staining  Properties. — Not  by  Gram's  method. 

Requirements  as  Regards  Nutrient  Media,  Tem- 
perature, and  Oxygen.— ( irmvs  best  as  aerobe,  also  as 
anacrulii',  mid  f^iiily  wi'll  in  (.'0,,  Grows  well  upon  all 
nutrient  madia  i;m|>liiyecl,  and  bears  acid  well.  Optimum 
about  37°.  Upon  non-albuminous  nutrient  media,  such 
ea  Usebinsky's  and  similar  combination.",  it  grows  but 
scantily.  According  to  I'roakauer  and  Capaldi,  it,  in 
oontrafit  to  the  Bact.  coli,  does  not  rtxiuire  the  aniido  and 
ammonium  nitrogen  of  tho  body  for  its  growth. 

Gelatin  Plate. — 

(n)  Natural  size.  Sitperfidnl:  At  first  small,  yellow- 
ish, punctifonn  colonies,  beamiing,  in  a  sliort  time, 
roundisb,  irregularly  notched  or  delicat'-ly  lobulated, 
and  shining.  The  periphery  is  clear,  transparent  gray, 
the  oenti-r  whitish,  opiwjuc,  grayish-yellow,  sometimee 
sUghtly  elevated.  Deep:  Punctifonn,  later  roundish  or 
usually  whetatoue-siiaped,  yellowish  (17,  111). 
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(i)  MagvijUd  fijty  timet.  Stiperjicifd :  Up  to  forty-eight 
hours  the  colony  is  entirelv  coIorlesB  and  transparent.  The 
border  ia  smooth  and  looed.  Tlu-  surface  presents  wavy 
elevations,  and  numcrouB  branching,  strongly  reflecting, 
whitish,  winding  linos,  which  look  like  incisions  or 
scratches.  The  colony  then  appeare  fairly  homogeneous, 
grayish-yellow,  with  white,  curved  lines  and  bands  extend- 
ing from  the  center,  between  which  are  to  be  seen  concen- 
trically arranged  lines.  These  lines  are  the  expression  of 
folds  in  the  colony  (17,  i).  When  more  highly  niagni6ed 
( X  150)  (17,  II),  indistinct  pandlel  curvi-d  lines  may  be 
seen.  Not  infrequently  the  BUperflcial  colony  is  thicker, 
and  then  there  occurs,  instead  of  the  windings,  etc.,  in 
the  yellowish  almost  opaque  appearing  colony,  only  an 
indistinct  development  of  figures  resembling  hen-tracks. 
(Compare  19,  vi.)  All  the  forms  reproduced  in  Plates  18 
and  19  of  the  fiact.  coli  may  also  occurj  also  spirals  and 
tail-like  appendices,  as  in  Platte  19,  i.  Deep:  Round  to 
roundish  colonies,  bright  yellow,  homogeneous,  delicate, 
shaded  with  gray  with  even  borders  (16,  vii;  compare  also 
19,  v). 

Gelatin  Stab. — Stnb:  Thread-like,  slightly  granular, 
whitish-gray  (16,  iii).  Surface  growth :  Thin,  white,  gray- 
ish-green, iridescent,  extremely  transparent,  roundish, 
notched,  with  a  dry  luster,  not  elevated,  extending  to  the 
gloss  (16,  iv). 

Gelatin  Streak, — .Somewhat  spreading,  white  and  thin 
growth,  OS  on  tlie  surface  of  tlie  puncture. 

Agar  Plate. — 

(o)  Natural  eite.  Sujur/icial:  Irregular,  roundish,  gray- 
ish-white, shining,  slightly  elevated  colonies.  Dorp:  Punc- 
tiform,  gray  (17,  iv). 

(/')  Magiiijied  sixty  limeg.  Superficial  colimies  :  Round  or 
roundish,  smooth  Ijorder,  bright  yellowish,  beconiiiif; darker 
toward  the  middle,  finely  to  coarsely  punctated  and  trans- 
parent at  the  edge;  from  the  center  usually  dark  yellow, 
winding  or  jagged  lines  extend  outward;  morula  are  rare 
(17,  VI)-  Deep:  Roundish  to  whetstone-shaped,  Imrder 
smooth  or  rough,  brownish-yellow,  opaque,  without  inter- 
nal markings  or  finely  granular  (17,  V). 

Agar   Stab. — S(a6;    Thread-like,   aom^vmea   ^  Xi&Sia 


I 
I 
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granular,  gray  (16,  t).     Surface  grtnclh  :  Irregularly  rouncl- 
ieh,  with  an  almoBt  even  border,  whitish-gray,  with 
oily  luBt«r,  8oon  extending  to  the  wall  of  the  tuhe.     iMex 
it  heconicB  yellowish-gray  (16,  ii). 

Agar  Streak.— Moderately  spreading  growth,  wavy^ 
with  a  smooth  edge,  whitish-gray,  shiiiiug,  Bometimes- 
appearing  to  be  transparent  in  many  places  because  of 
porosity.  The  water  of  condensation  is  clear  with  slight 
precipitate  (16,  v). 

Bouillon  Culture, — Cloudy  with  ahumiant  sediment 
which  is  liomogeneoiisly  diatrihuted  upon  shaking. 

Milk  Culture. — Milk  is  not  coagulated  even  after  stand- 
ing for  weeks.  In  spite  of  aetive  multiplication,  only  very 
little  acid  is  formed. 

Potato  Culture. — From  the  line  of  inoculation  the 
growth  spreads  quite  widely  as  an  extremely  delicate, 
moist,  often  almost  entirely  invisible  layer  (17,  Vii), 
which,  when  touched  with  a  platinum  needle,  may  some- 
times be  drawn  out  into  delicate  slimy  threads.  This  was 
first  described  by  Gaffky  (Mitt.  a.  d,  G,  A.  ii,  372)  as 
characteristic,  and  was  long  held  to  he  an  important 
specific  characteristic,  but  it  is  not  present  in  many  cultures. 
Other  cultures,  which  grow  typically  upon  acid  potatoes, 
present,  at  least  upon  alkaline  varieties  or  alkalinized 
portions,  an  atypical,  luxuriant,  grayish,  white,  or  brown- 
ish-yollow  growth,  which  soinetimeB  is  moi8t4?r,  sometimes 
drier,  often  not  spreading  much,  and  resembling  the  fi. 
coU.     (Compare  18,  ix.) 

No  Spore -rorn)  at  ion.— The  tormations  wbioh  were  tonnerlj  held 
to  be  spores,  mid  wliii^h  appear  e»ipeebill;  nprin  faintl.v  aciil  potatoes, 
KK  at  two  varieties,  m  nnt  pointed  out  by  H.  Bucliner  (C.  B.  IV, 
353).  In  tinsbuiriMl  Imrteria  n-rractive  polar  iMxIieci  may  be  niiHtakvn 
for  iporFS,  but  thsy  ataiii  especiully  easilj  trith  anilin  djes  (quicker 
than  the  bacIiM-inl  nnd  do  not  impirt  nnj  incnatied  rteifltanoe  to  the 
bacteria.  In  lientM  nnd  stained  prpparatinns  there  ooour  vacnoln 
wbioh  h*ve  a  rcaembUTwe  to  spon-B  becuuse  of  tlieir  form  nnd  size, 
trvm   nnl   bring  stainMl  by  Uie  onlinury  methods,  but  Bucli  a 

,  — nole  ia  never  HUuDCid  by  the  i<p««ial  otain  for  npoirt).  According  to 
H.  Bnohncr,  these  nituidi^i  vacuoles  are  locstnl  eflpn'islly  in  tlie  ends 
Of  thx  rods ;  nooordiug  to  Leo  Mdller,  especially  in  the  middle,  while 

'  Hbe  inMiuvX  iiuiMcs  ownpy  Ihe  poles.  The  Burt,  coli  shons  much  more 
Imgular  and  vury  inoorulont  vauuole  tonntitioa. 
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Resistance. — 

(n)  Against  drying:  Tlicy  tolerate  prraervation  in  tho 
dry  condition  for  months  ;  according  to  Uffelniann,  in  soil 
and  clothing  even,  for  one  oi  two  months.  They  do  not 
withstand  aiich  a  complete  drying  as  is  neceesarj'  in  order 
to  reduce  to  dust.  Germano  (Z.  H.  xxxv,  403).  Compare 
also  Ficker  (Z.  H.  xxix,  i). 

(6)  Cold  and  htai:  Janowski  (C.  B.  vm,  167,  417,  449). 
They  withstand  cold  well. 

(c)  In  manure  and  feces :  Over  a  week  (Giirtner). 

(d)  In  water:  From  a  few  hours  to  many  days.  Com- 
pare p^e  40. 

(e)  Chemical  disinfecting  agentu:  CoiiipatB  Kohler  (C.  B. 
XIV,  89). 

The  diiration  of  life  in  the  human  body  may  be  very 
considerable.  They  have  been  demonstrated  by  Sahli  in 
pleural  exudate  fifty  days  after  the  beginning  of  the 
disease,  and  by  Hintze  in  the  pus  of  iwrioatitia  ten  nionthfl 
after  a  case  of  typhoid  fever. 

Chemical  Activities.— There  is  no  production  of  pig- 
ment nor  odoriferous  sulistancea.  It  reduces  solutions  of 
litmuB,  converts  nitrate  into  nitrite,  and  gradually  leads 
to  a  disappearance  of  nitrite.  They  form  levorotatory 
lactic  acid  from  grape-sugar  (feebly  from  milk-sugar)  and 
no  visible  gas  bubbles  from  any  carbohydrate  (verified  by 
Buchner,  A.  H.  iii,  425,  1885).  They  form  H^  strongly. 
Indol  is  not  produced.  The  cultures  are  rich  in  toxins  j 
the  germ-free  filtrates  are  actively  pathogenic. 

Distribution. — 

(a)  OiUside  the  botly :  So  far,  in  a  few  cases  in  water  and 
Boil  which  have  come  in  contact  with  typhoid  dejectA. 
Recently  demonstrated  by  Losener  in  five  instances  in 
Bpecimens  of  soil,  portions  of  cadavers,  and  stools,  where 
there  was  no  suspicion  of  the  presence  of  typhoid  bacteria. 
Similar  results  were  obtained  by  Remlinger  and  Schneider 
(H.  R.,  1896,  743). 

(6)  In  hfnkhii  body :  So  far,  never. 

(c)  In  di«ea»ed  human  body :  In  cases  of  typhoid  fever,  as 
the  cause  of  the  disease.  Cultures  are  obtained  with  great- 
est certainty  from  the  spleen  and  lymph-glands,  in  which 
the  bacilli  are  always  distributed  in  small  clum^. 
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also,  it  may  be  successfully  demonstrated  in  the  bl( 
(blood  from  the  heart,  veins,  rose-spots);  but,  to  be  sui 
it  is  so  often  not  found  that  the  importance  of  the  bli 
examination  for  Hubstantititing  the  clinical  diagnosis  is  not 
great.  Kiihnau  found  the  typhoid  hociUiis  in  the  blood 
from  the  veins  of  the  arm  in  10  out  of  41  cases  (Z.  H. 
XXV,  492).  Neufeld  obtaiaed  vtry  good  results  in  the 
blood  from  ro8e-s])ot8  by  making  use  especially  of  fluid 
nutrient  me<Ha  (Z.  H.  xxx,  498).  It  has  also  been  very 
frequently  demonstrated  in  the  kidney,  liver,  and  bile 
(Chiari),  and  especially  in  the  urine  (H.  Neumann,  C 
B.  viJi,  80).  Regarding  the  occasional  presence  of  enor' 
nious  numbers  of  typhoid  bacilli  in  urine,  see  Petnischky 
(C.  B.  xxic,  577).  Statemflnts  regarding  successful  cul- 
tivation from  typhoid  stools  are  comparatively  rare  (coin- 
pare  p.  237).  The  typhoid  bacterium  tan  itself  cause  ths 
various  complications  in  the  clinical  picture  of  typhoid. 
It  has  been  demonstrated  with  certainty  as  the  only  cause 
of  cases  of  serous  and  suppurative  infliuiuimtliins  of  thft 
spinal  cord,  of  the  brain  an«l  its  nienibrnnes,  of  tlie  lungB^ 
and  kidneys,  and  in  the  erysipelatous,  ])hlegmonous,  and\ 
suppurative  processeB  of  typhoids  (in  bones,  skin,  testicl^> 
lymph-glands,  parotid,  thyroid,  spleen,  etc.).  The  pyo*' 
genie  function  of  the  B.  typhi  is  no  more  contested,  and' 
has  also  been  demonstrated  by  experiments  upon  rabbits. 
However,  in  many  (the  majority?)  cases  mixed  infection 
with  Micrococcus  pyogenes,  Streptoeoccus  pyogenes  orlan- 
ceolatUB,  etc., must  be  held  resjionsible  for  the  complice 
tions. 

Results  of  Experiments  Regarding  Pathogenic  Ac- 
tion in  Animals. — Acciiriliiif;  Ui  th(.-  fairly  universal  view  ' 
in  Gennany  at  present,  the  produi'lion  of  an  infectious  dia- ' 
ease,  analogous  to  typhoid  fever  in  man,  has  never  been 
Buccessfully  aecoraplished  in  any  animal  by  any  mode  ol 
infection.  As  a  rule,  bacteria  introduced  subcutaneously 
rapidly  die,  at  least,  do  rmt  iiiiiili]ily,  and  the  injuries  rfr- 
auiting  may  Ijc  produced  in  a  siinilar  maimiT  by  filtered 
ooltures.  Tlius,  the  rt^sults  are  duo  In  ijUnxicvitinn  and 
not  to  infection.  (Sirotiniii.  Z.  H.  i,  465.1  Also  Pe- 
truschky  favors  the  idea  of  an  intoxication  rather  than  an 
inftwtion  (Z.  H.xu,  2(jl). 
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Chantcmesse  and  Vidal  (A-  P.,  1892,  755)  and  Sanar 
relli  (A.  F.,  1892,  721)  were  able,  on  the  fontrary,  to  bo 
increase  the  virulence  by  all  sorts  of  artificial  means  that 
they  obtained  varieti&i  which  are  truly  pathogenic  for 
animals.  Chantemesae  (H.  R.,  1897, 1103)  waa  even  able 
to  produce  sickneea  in  rabbits  and  monkeys  by  highly 
virulent  cultures  introduced  into  the  Btomach,  and  the 
animale  died  with  typhoid  symptoms  (clinical  and  ana- 
tomical). Thus  the  Bact.  typhi  becomes  acclimated  to 
the  animal  body. 

Special  Methods  for  the  Demonstration  of  the  Bact. 
typhi. 

It  is  usually  easy  to  cultivate  them  from  the  spleen  and 
lymph-glands  of  a  fresh  typhoid  cadaver ;  still,  not  infre- 
quently more  colonies  of  the  Bact,  coli  are  obtained  than 
typlioid.  The  case  is  different  when  the  bacteria  are  to  be 
sought  for  in  water,  feces,  etc.  Tlie  fact  that  the  demon- 
stration of  the  Bacterium  typhi  when  in  mixtures  with 
other  bacteria  appears  to  be  very  difficult  for  all  investi- 
gators '  .has  led  to  numerous  suggeetlons  to  replace  the 
simple  gelatin  plate  method  by  better  ones.  A  great  dis- 
trust is  aroused  against  all  of  these su^estions,  since  every 
new  author  criticizes  the  suggestions  of  his  predecessor  and 
usually  discards  them. 

The  two  principal  methods  which  have  been  employed 
are: 

1,  Prdiminary  CtiUtire. — The  suspicious  water  is  placed 
in  nutrient  media  which  contains  an  antiseptic,  and  kept 
twenty-four  to  forty-eight  hours  in  the  incubator.  Water 
bacteria,  eepecially  a  number  of  liquefying  varieties,  die, 
while  the  Bact.  typhi  and  coli,  which  are  more  resistant 
to  disinfectant  agents,  nniltiply  in  the  incubator.  Unfor- 
tunately, the  rapidly  growing  forms  of  Bact.  coli,  besides 
Bact.  vulgare,  streptococci,  and  oidium,  multiply  more  in- 
tensely than  the  Bact,  typhi,  and  when  plates  are  prepared 

'  An  idea  of  the  difficnlly  \b  ^ven  ]jy  the  fact  that  man.v  nnthora 
were  notable  ut  nil  bi  iBnlate  typhoid  bacteria  from  typhnirl  stonls, 
Mid  that  SieolJe,  (Jrimliert,  and  Ciinntemesse  deolare  it  lo  b*  impos- 
aiblp  to  recover  typhoid  bacli'ria  Irom  water,  oontaiuing  abundant 
Bact.  ooli,  to  which  they  hod  been  added. 
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from  the  preliminary  culturt*,  almost  with  absolute  cer- 
tainty many  coli  forms  are  obtained,  but  also,  ac^cording 
to  moat  of  the  critical  writers,  much  fewer  typhoid  bac- 
teria than  were  in  the  original  fluid  (Losener). 

2.  The  direct  prepaTolion  of  plates  fiom  gelatin  which  con- 
tains materials  interjtxing  with  growth :  phenol,  hydrochloric 
acid,  methyl  violet,  potato  juice,  etc,  Losener,  who  has 
tested  all  these  methods,  recommends  the  following  as  the 
only  useful  one  ;  Plates  are  prepared  directly  upon  gelatin 
containing 0.03  to  0.05%  phonol.  The  plates  are  best  pre- 
pared, according  to  Kruse,  by  inoculation  upon  the  surface 
(Tech.  Appendix).  Upon  this  carbol-gelatin  the  colonies 
of  Bact.  typhi  and  coli  grow  in  the  usual  manner  ;  many 
others,  especially  liquefying  varieties,  are,  on  the  contrary, 
greatly  retanleil.  From  all  colonies  resembling  typhoid 
inoculations  are  made  into  liquefied  2%  grape-sugar  agar 
(about  a  dozen  tubes)  and  the  shake  cultures  Uiua  pre- 
pared are  placed  in  the  incubator.  The  tubes  in  which 
there  ia  no  fermentation  are  studied  further,  as  indicated 
on  page  239. 

Almost  simultaneously  with  Losener,  Eisner  studied,  in 
Koch's  Institute,  the  methods  tor  the  ready  demonstration 
of  typhoid  bacteria  by  means  of  special  nutrient  media,  and 
instead  of  the  potato-gelatin  of  Holz, '  which  had  given 
unsatisfactory  results  in  the  hands  of  many  writers,  he 
recommended  a  new  feebly  acid  potato-gelatin  containing 
Ifi  iodid  of  potassium.  (See  Tech.  Appendix.)  (Z.  H. 
ixi,  25.) 

According  to  Eisner,  scarcely  any  bacteria  except  Bact. 
typhi  and  coli  grow  ui)on  his  nutrient  medium,  the  lique- 
fying varieties  not  at  all.  Bact,  coli  grows  very  well,  and 
wter  twenty-four  hours  presents  already  perfectly  developetl 
colonies. 

In  contrast  to  this,  the  Bact.  typhi  grows  very  slowly; 
after  twenty-four  hours  the  colonies  are  scarcely  visible 
with  low  magnification,  and  after  forty-eight  hours  they 
appear  as  small,  clearly  shining  colonies,  like  water  drop- 

■  Aorording  W  Hnlx,  if  rarbolic  acid  is  aAAvA  to  pot«to-ge latin,  ewn 
■*«  typhoid  biu^riit  ktow  in  n  nnn-rhan»ct*Tislic  manner:  if  the  nddi- 
on  is  omittcMl,  tlieii  vury  mnny  liiiuefjiag  germa  are  not  at  ull  diu- 
tartMl  in  their  growth. 
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lets  or  exceedingly  finely  granular,  contrasting  with  the 
lai^e,  markedly  granular,  brown-colored  liolonies  of  the 
Bact.  coli. 

The  method  is  siiid  to  give  very  good  rcHults,  and  usu- 
ally allows  of  the  isolation  of  the  typhoid  haclerium  from 
stools,  and  tiie  results  are  siiid  to  be  most  perfectly  in  har- 
mony with  Pfeiffer's  typhoid  reaction  (see  below).  Com- 
pare also  Jemma  (Miinch.  med.  Woch.,  1897,  No.  33) 
and  Sterling  (C.  B.  xxii,  334). 

Special  Differential  Diagnosis  of  the  Bact.  typhi.  Es- 
pecially from  the  Bact.  coii. 

The  following  poeuliaritics  nnist  all  lie  d^'monstrated: 

1.  Rods,  short  to  thread  fonns;  active  motility;  abun- 
dant, long,  peritriehous  flagella;  not  stained  by  Gram's 
method. 

2.  Whit«  film  upon  gelatin  which  is  not  liquefied. 

3.  No  formation  of  gas  from  grape-  or  milk-sugar  in  a 
shake  culture. 

4.  Uniform  cloudiness  of  sugar  bouillon  in  fermentation 
tubes  without  formation  of  gas.  No  fonnation  of  acid 
from  milk-sugar,  abundant  from  grape-sugar. 

5.  No  coagulation  of  milk. 

6.  Indol  not  jtroduced  in  peptone  solution. 

7.  Finally,  Loaener  places  value  upon  the  demonstration 
by  means  of  cultures  in  Petruschky's  litmus  whey  (at  37°) 
that  the  questionable  typhoid  bacterium  in  about  forty- 
eight  hours  does  not  produce  more  than  3,0  c.c.  of  deci- 
normal  acid  from  10  c.c,  of  milk,  while  the  coli  bacteria 
form  more  than  8  c.c. ' 

8.  Marked  t^glutination  by  specific  serum  (see  below). 
S.  Of  lesB  vulue  in  the  dinjj;noais  are;  (1)  The  niiuroecopic  appcar- 

anoe  of  the  gelntin  plitCp,  aa  it  nuif  be  oliuost  identiml  with  the  Bact. 

'  Upon  all  thesi!  pointe  a  ver^  BaliHTactory  nnifonuitj  haa  been 
retKhcd.  To  be  sure,  the  tiniforniity  depends  in  port  njton  an  agree- 
ment, which  is,  tliftt  all  those  bacteria  which  do  not  preeent  these  praa- 
liaritieeot  the  typical  typhoid  enlture  are  simply  declared  ta  be  diSer- 
ent  from  typhoid,  under  the  assamption  that  the  typhoid  iMicterium 
dora  not  vary.  How  little  probability  this  awnrnption  posBesBes  in  the 
faoc  ot  the  enormous  variability  of  the  closely  related  Boot,  ooli,  re- 
quires no  diaciiasion. 
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[  from  the  preliminary  culture,  almost  with  absolute  cer- 
[  tainty  many  coli  forms  are  obtained,  but  also,  according 
I  to  most  of  the  critical  writers,  much  fewer  typhoid  bac- 
I  teria  than  were  in  the  original  fluid  (Losener). 

2.  Th^  direct  preparation  of  plates  from  gelatin  which  am- 
tains  vuUeriais  interfering  with  growth:  phenol,  hydrochloric 
acid,  methyl  violet,  potato  juice,  etc  Losener,  who  hae 
tested  all  tliese  methods,  recommends  the  following  as  the 
only  useful  one  :  Plates  are  prepared  directly  upon  gelatin 
containing0.03  to  0.0o5£  phenol.  The  plates  are  best  pre- 
pared, according  to  Kruse,  by  inoculation  upon  the  surface 
(Tech.  Appendix).  Upon  this  carbol-gelatin  the  colonies 
of  Bact.  typhi  and  coli  grow  in  the  usual  manner  ;  many 
others,  especially  liquefying  varieties,  are,  on  the  contrary, 
greatly  retarded.  From  all  colonies  resembling  typhoid 
inoculations  arc  made  into  liquefied  2%  grape-sugar  agar 
(about  a  dozen  tubes)  and  the  shake  cultures  thus  pre- 
pared are  placed  in  the  incubator.  Tlio  tubes  in  which 
there  is  no  fermenUition  are  studied  further,  as  indicated 
on  page  239. 

Almost  simultaneously  with  Losener,  Eisner  studied,  in 
Koch's  Institute,  the  methods  for  the  ready  demonstration 
of  typhoid  bacteria  by  means  of  special  nutrient  media,  and 
instead  of  ttie  potato-gelatin  of  Holz, '  which  had  given 
unsatisfactory  results  in  the  hands  of  many  writers,  he 
rocominended  a  new  feebly  acid  potato-gelatin  containing 
l^fc  iodid  of  potassium.  (See  Tech.  Appendix.)  (Z.  H. 
XXI,  25.) 

According  to  Eisner,  scarcely  any  bacteria  except  Bact. 
typhi  and  eoli  grow  upon  his  nutrient  medium,  the  lique- 
fying varieties  not  at  all,  Bact,  coli  grows  very  well,  and 
sftMtwenty-four  hours  i>re8ents  already  perfectly  developed 

it  to  this,  the  Bact.  typhi  grows  very  slowly; 

ity-four  liours  the  colonies  are  scarcely  visible 

magnification,  and  after  forty-eight  hours  tiiey 

!l.  clearly  shining  colonies,  like  water  drop- 

■rdinK  ><>  Holt,  it  carbolio  acid  ii  wlded  to  potato-gelatin,  even 

i*oi*l  We.nn  (jrow  in  a  non-charaolerintio  mnnner;  if  the  ixldi- 

ill"i,  llicn  vtTy  many  liijaeffing  gtnnit  art'  not  ut  ull  dia- 
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lets  or  exceedingly  finely  granular,  contrasting  with  the 
large,  markedly  granular,  brown -colored  colonies  of  tiie 
Bact.  coli. 

The  method  is  said  to  give  very  good  results,  and  ubu- 
ally  allows  of  the  isolation  of  the  typhoid  bacterium  from 
stools,  and  the  results  are  said  to  be  moat  perfectly  in  har- 
mony with  Pfeifler'a  typhoid  reaction  (see  below).  Com- 
pare also  Jemma  (MCinch.  nied.  Woch.,  1897,  No.  33) 
and  Sterling  (C.  B.  xxn,  334). 


Special  Differential  Diagnosis  of  the  Bact.  typhi.  Es- 
pecially from  the  Bact.  coli. 

The  following  jit'ciiliaritifs  must  all  be  demnnetrated : 

1.  Rods,  short  to  thread  fonns;  active  motility;  abun- 
dant, long,  peritrichoua  flagella;  not  stained  by  Gram's 
method. 

2.  White  film  upon  gelatin  which  is  not  liquefied. 

3.  No  formation  of  gas  from  grape-  or  milk-sugar  in  a 
shake  culture. 

4.  Uniform  cloudiness  of  sugar  bouillon  in  fermentation 
tubes  without  formation  of  gas.  No  fonnation  of  acid 
from  milk-sugar,  abundant  from  grape-sugar. 

5.  No  coagulation  of  milk. 

6.  Indol  not  produced  in  peptone  solution. 

7.  Finally,  Lfisener  places  value  upon  the  demonstration 
by  means  of  cultures  in  Petruschky's  litmus  whey  (at  37°) 
that  the  questionable  typhoid  bacterium  in  about  forty- 
ejght  hours  does  not  produce  more  than  3.0  c.c.  of  deci- 
normal  acid  from  10  c.c.  of  milk,  while  the  coli  bacteria 
form  more  tlian  8  c.c.' 

8.  Klarked  agglutination  by  specific  serum  (see  below). 
D.  Of  less  vitlue  in  tbc  clin^niisbi  ore:  (1)  The  micnMuopio  ajipear- 

anw  of  the  gelatin  plate,  ua  it  luay  be  aluioat  identicnl  with  the  Boot. 

'  Upon  nil  t!ip«c  pi)ioto  a  very  satisfactory  nnifonnity  \am  b«en 
reached.  To  be  sure,  the  uniformity  depends  in  part  npon  on  nj^ree- 
nienl,  which  ia,  that  nil  tlioite  Iweteria  which  do  not  present  them  peon- 
liaritlMot  the  typical  typhoid  culture  are  simply  declan'd  to  lie  differ- 
ent bom  typhoid.  nnileV  the  ai«umptton  that  the  typhoid  liocteriain 
does  not  vary.  How  tittle  probuhility  tbiB  aamimptioii  poHwssvs  in  the 
face  of  the  cnormoDs  vaiiBbility  of  the  closely  related  Baot.  mil,  re- 
qnires  no  disonaeion. 
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only  userui  one  :  Plates  are  prepared  directly  u 
containingO.OS  to  0.05^  phenol.  The  plates  a 
pared,  according  to  Kruse,  by  inoculation  upon 
(Tech.  Appendix),  Upon  thia  cartwl-gelatin  t 
of  Bact.  typhi  and  mli  grow  in  the  usual  mam 
others,  especially  li(]Uetying  varieties,  are,  on  th 
greatly  retarded.  From  ^I  colonies  resemblii 
inoculations  are  made  into  liquefied  2%  grape 
(about  a.  dozen  tubers)  and  the  shake  cultures 
pared  are  placed  in  the  incubator.  'Die  tube 
there  is  no  fermentation  are  studied  further,  a 
on  page  239. 

Ahnoet  simultaneously  with  Lusener,  Eisner 
Koch's  Institute,  the  methods  for  the  ready  den 
of  typhoid  bacteria  by  means  of  special  nutrient 
instead  of  tlie  potato-gelatin  of  Holz,'  which 
unsatisfactory  results  in  the  hands  of  many  i 
recommended  a  new  feebly  acid  potato-gelatin 
1%  iodid  of  potassium.  (See  Tech.  Appendix 
XXI,  25.) 

According  to  Eisner,  scarcely  any  bacteria  cj 
typhi  and  coli  grow  upon  his  nutrient  medium, 
fying  varieties  not  at  all.  Bact.  coli  grows  veri 
idler  tweiity-fuur  houre  presents  already  perfectly 
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iceedingly  finely  granular,  contraating  with  the 
large,  markedly  granular,  brown-colored  colonies  of  the 
Bact.  coll. 

The  Tnethod  is  said  to  give  very  good  results,  and  usu- 
ally alloiva  of  the  isolation  of  the  typhoid  bacterium  from 
stools,  and  the  results  are  said  to  be  moat  perfectly  in  har- 
mony with  Pfeiffer's  typhoid  reaction  (see  below).  Com- 
pare also  Jemma  (Miiach.  rned.  Wocli. ,  1897,  No.  33) 
and  Sierling  (C.  B.  xxn,  334). 

Special  Differential  Diagnosis  of  the  Bact.  typhi.  Es- 
pecially from  the  Bact.  coll. 

The  following  peciiliaritif!.'?  must  ;ill  be  dcmonstrattfl : 

1.  Rods,  short  to  thread  forma;  active  motility;  abun- 
dant, long,  peritrichous  flagella;  not  stained  by  Gram's 
method. 

2.  White  film  upon  gelatin  which  is  not  liquefied. 

3.  No  formation  of  gas  from  grape-  or  mJIk-BUgar  in  a 
shake  culture. 

4.  Uniform  cloudiness  of  sugar  bouillon  in  fermentation 
tubes  without  formation  of  gns.  No  formation  of  acid 
from  milk-sugar,  abundant  from  grape-sugar. 

5.  No  coagulation  of  milk. 

6.  Indol  not  produced  in  peptone  solution. 

7.  Finally,  Losener  places  value  upon  the  demonstration 
hy  means  of  cultures  in  Petnischky's  litmus  whey  (at  37°) 
that  the  questionable  typhoid  bacterium  in  about  forty- 
eight  hours  does  not  produce  more  than  3,0  c.c.  of  deci- 
normal  acid  from  10  c.c.  of  niilk,  while  the  coli  bacteria 
form  more  than  8  c.c' 

8.  Marked  agglutination  by  specific  serum  (see  below). 


>  Upon  nil  t1ie»e  points  a  very  aatiBtnohirj'  tinjtnrmit)'  hue  been 
reached.  To  be  Bare,  the  nDt[ormltf  depends  in  port  npon  on  agree- 
mentj  which  in,  that  all  tlicw  hncterm  which  do  not  prestnit  tliese  pecu- 
IJAritiesot  tho  t3'pical  typhoid  culture  are  simply  declared  to  l>e  differ- 
ent from  typhoid,  under  the  assunkpliuu  that  the  t,vph'>iil  boctcrinm 
does  not  vary.  How  little  prolNthil  jty  this  nttnimption  posstiwHi  in  the 
latx  at  the  enormoaa  variability  oC  wie  closely  relat«d  Bact. 
qnires  no  dlKusaion. 


I 

I 
I 
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from  the  preliminary  culture,  almost  ttith  at)eoIute  c 
tainty  many  coH  forms  are  obtained,  but  also,  occordiDj 
to  most  of  the  critical  writers,  much  fewer  typhoid  bac 
t«ria  than  were  in  the  original  Suid  (Losener). 

2.    Tke  direct  preparation  of  plaice  fr&m  gdatin  which  a 
tainB  materiaU  interfering  v>ith  gnnnth :  phenol,  hydrochlorio  1 
acid,  methyl  violet,  potato  juice,  etc.     Losener,  who  hat 
tested  all  these  methods,  recommends  the  following  as  the 
only  useful  one  :  Plates  are  prepared  directly  upon  gelatin 
containing  0.03  to  0.05%  phenol.    The  plates  are  best  pre- 
pared, according  to  Kruae,  by  inoculation  upon  the  surface 
(Tech,  Appendix).     Upon  this  carbol-gelatin  the  colonies  . 
of  ]}act.  typhi  and  coli  grow  in  the  usual  manner ;  many  I 
others,  especially  liquefying  varieties,  are,  on  the  contrarT,   ' 
greatly  retarded.     From  all  colonies  resembling  tj-phoid    ' 
inoculations  are  made  into  liquefied  2%  grape-sugar  agar 
(about  a  dozen  tubes)  and  the  shake  cultures  thus  pre- 
pared are  placed  in  the  incubator.     The  tubes  in  which 
there  is  no  fermentation  are  studied  further,  as  indicated 
on  page  239.  I 

Almost  simultaneously  with  Ixisener,  Eisner  studied,  in  I 
Koch'a  Institute,  the  methods  for  the  ready  demonstratioa.,1 
of  typhoid  liaL-teria  by  means  of  special  nutrient  media,  uid'<] 
instead  of  the  potato-gelatin  of  Holz, '  which  had  givm  fl 
unsatisfactory  results  in  the  hands  of  many  writers,  hfli  I 
recommended  a  new  feebly  acid  potato-gelatin  containing  J 
1%  iodid  of  potassium.  (See  Tech.  Apjiendix.)  (Z.  £  | 
XXI,  25. }  I 

According  to  Eisner,  scarcely  any  bacteria  except  Bac^  J 
tn>hi  and  coli  grow  upon  his  nutrient  medium,  the  liquo^l 
tymg  varieties  not  at  all.  Bact.  coli  grows  very  well,  aodM 
aftet  twenty-four  hours  presents  already  perfectly  developed,^ 
colonics.  I 

In  contra.ft  to  this,  the  Bact.  typhi  grows  very  slowly;  I 
after  twenty-four  hours  the  colonies  are  scarcely  visilHe  I 
with  low  magnification,  and  after  forty-eight  hours  th^  1 
appear  as  small,  clearly  shining  colonies,  like  water  drop-  J 

'  AKwrdiiiin;  to  Holz.  it  cnrbolio  acM  ia  aitil(>d  to  potnto-gelAtin,  evoa  ■ 
tiift  typhoid  tnctcria  iff^'vi  in  n  non^ohnntclprintio  manner;  it  the  addi-il 
don  !»  OR)itt«)l,  tlii'n  vi^ry  maii.v  liqneffiDg  genus  are  not  at  all  dift-  I 
tBibed  in  their  (growth.  I 
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lets  or  exceedingly  finely  granular,  contrasting  with  the 
large,  markedly  granular,  brown-colored  colunieB  of  the 
Baut.  coli. 

The  method  is  said  to  give  very  good  results,  and  usu- 
ally allows  of  the  isolation  of  the  typhoid  bacterium  from 
stools,  and  the  results  are  said  to  be  most  perfectly  in  liar- 
mony  with  PfeiEfer's  typhoid  reaction  (see  lielow).  Com- 
pare also  Jemma  (Munch,  med.  Woch.,  1897,  No.  33) 
and  Sterluig  (C.  B.  xxii,  334  J. 

Special  Differential  Diagnosis  of  the  Bact.  typhi,  Es- 
pecially from  the  Bact.  coli. 

Tlie  following  pt-ciili  aril  it's  must  all  be  demons  tratcd : 

1.  Rods,  short  to  thread  forms;  active  motility;  abun- 
dant, long,  peritrichous  flagella;  not  stamed  by  Gram's 
method. 

2.  White  film  upon  gelatin  which  is  not  liquefied. 

3.  No  formation  of  gas  from  grape-  or  milk-sugar  in  a 
Bhake  culture. 

4.  Uniform  cloudiness  of  sugar  bouillon  in  fermentation 
tubes  without  formation  of  gas.  No  formation  of  acid 
from  milk-sugar,  abundant  from  grape-sugar. 

5.  No  coagulation  of  milk. 

6.  Indol  not  produced  in  peptone  solution. 

7.  Finally,  Losener  places  vsdue  upon  the  demonstratjon 
'  by  means  of  cultures  in  Petruacbky's  litmus  whey  (at  37°) 

that  the  questionable  typhoid  bacterium  in  about  forty- 
eight  hours  does  not  produce  more  than  3.0  c.c.  of  deci- 
normal  acid  from  10  c.c.  of  milk,  while  the  coli  bacteria 
form  more  than  8  c.c' 

8.  Marked  agglutination  by  sjiecific  scrum  (see  l>eIow). 

9.  Of  leaa  valae  in  the  dinf^iosis  are;  (1)  The  inicmwupio  ajipuar- 
ance  of  tile  getntin  pEatc,  oe  it  m»f  tie  uluicst  identical  with  the  Baot. 

'  Upon  all  tliesc  jtointa  n  ver7  sntistaotory  tinifnniiity  lias  been 
r«K<hed.  To  be  sore,  the  nDirnrmity  dopendo  in  part  npon  an  agree- 
ment which  i»|  that  all  those  bacteriawhich  do  not  present  these  peca- 
Uaritwsof  the  typical  typhoid  culture  are  simply  declaritl  to  be  differ- 
ent (ron)  typhoid,  under  the  ansamptioD  that  the  typhoid  hact«riom 
does  not  vary.  How  little  proltability  thit  aaxumptiou  i)o»<eaBefl  in  the 
Inoe  of  the  enormoua  variability  of  the  closely  related  Boot,  coli,  rc- 
I   quires  no  diacu«ioa. 
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euli,  (3)  Tbr  ilflknte  fcruHlh  iipim  potMo,  nince  there  an  typhoid 
iMdrrin  which  gfit*  m  Jatnriaiitl;  m  Bact.  aili.  In  onlrr  that  u 
tMitato  mllrirr  niny  )io  of  iIlnicn'tillR  vntne,  too  pines  fniiii  thr  sttme 
mbito  niiiat  Im'  plMWl  in  n  ilinli  artd  iiint-nlati^.  odc  with  tht  Lnilture 
n  (|iiMn.l'ni,  t)Hi  (ilhi'f  with  n  drrlain  typhoid  caltnre  IGcnuano  and 
MHiirm^  Anmnllnit  tj>  thnti-  niitrtiora,  with  whom  Liiaeaer  sktms,  b 
dniintlon  tram  the  f^niwth  'if  Inie  tvphtiid  hiK.-t«ria  npim  the  auue 
pnlAln  laaiinlnlf-nl  l(irXFlmIpadfn|{iinfllNor  typhoid.  13)  Growth  npoD 
niilrlrtil.  riipdin  biwhkih  arKfxhM  mitiwiitiuxnlwUnws  (pheool,  form- 
nlil>'li,vil,  luHila,  fIii,  ).  Thu  Ituot-  t*Ai  ulwayH  hilcmb^  these  somewhat 
lietUT  ilinri  Ihn  typhoid  liiiot4^uni. 

The  DlagnoBls  of  Bacterium  typhi  is  excluded : 

H  Olio  of  tliP  following  propertk-s  is  dt'monstrated : 

1.   AliBtiiiiw  iif  niDLility,  llaKolln  absent  or  located  at  the 

pulo,  tyiiii'ttl  Hpori-H,  nt^imint;  t>y  Gram'e  method. 
'2.  AliBL'iicii  of  jirowtli  Hi  body  temjierature, 
■t.  ('oiiKiilii(ii>ii  of   milk.     KontiiLtioii  of  gae  in  grape* 

niijtnr  a|{iir  or  fcniii'iiliilion  tul>c«. 
■(.   Mqiufinaioh  of  Ki<ktin. 
.\  hiwilifid  oKiinipli'  of  ft  thorough  differential  diagnosis 

bi'twi'in  nniii  mid  tvplioid  hict<iriii  is  given  by  Houston 

(T.  II.  XXIV,  MS). 

Serum  Diagnosis  ot  Typhoid.' 

In  donblful  rusoM  ibe  tviiboid  diagnosis  may  very  oft^i 
Iw  viTilliii  bv  ihi'  wnnn  It-st-  Slncf  we  have  been 
Bi>)iuiinttxl  witli  thotirulM?r-!>iirhaniaf!jilutination  reaction 
ill  vitm,  iihnost  aluayi*  lhi»t  is  emplovi'd  instead  of  R. 
I*feiffor'ii  more  dctailitl  n-tw'tiim  in  liiv  nMominal  cavity 
of  tJio  |jr*>i"<'a'PiR-  Oultiirt'B  n))on  slanted  agar,  eighteen 
ti>  Iwpnty-fotir  nonrs  old  at  'X',°.  an-  nsed  (or  th-'  ttst,  and 

I.  ntjll,  Minwdinc  to  Lwii-htirheDb<t, 

■■'■i  fnwn  the  Burt,  ooli  in  ih(-  fnllow- 

-HvrT»l  tn«-tnh<«,  Mtrh  ii-'TUiininfc 

:.-m1.  nhtaiiml  hv  »Tt.r,.,-ii..n,  an: 

'i»}is  at  a  dilntp  !tii.iprii~ii>Ti  iif  tlv 

-     n   is  pn^pumt  hy  n>iMnu   1   ioop- 

,•'.    honillon.  and  thrn  ilj^ntinf;  n.'i 

In  Uii-  mn-  of  BkI   cv.li  mhich 

Ihc  hM<lrriB  arr   nr-vrr  dtiod   m 

..(i    mnoh   taoTT   nuninmiis.  whilv 

K.Aiv  almyii  muoh  Ivas  in  oninbcr, 

whi'UkKr  itu  DDltorc  fawl  faMB  ilolWd  lor  a  dun  er  h^ 
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of  such  a  culture  2  mg.  are  finely  div 
bouillon  (p.  105). 

1.  Teitirifi  Doubtful  Cultures  by  Mfans  of  Known  Typhoid 
Serum. — Active  serum  ispriipared,  according  to  R.  Pfeiffer, 
as  follows  {compare  also  Fodor  and  Rigler,  C.  B.  xxni, 


A  rabbit  weighing  from  1^  to  2  kilos  is  inject^  subcu- 
taDeoualy  with  a  suspension  of  the  bacteria  from  three 
slanted  agar  cultures  of  Bact.  tj^ihi,  twenty-four  hours  old, 
the  suspension  having  been  kept  in  a  water-bath  for  one 
hour  at  65°  before  injection.  Ten  days  after  the  injection 
the  animal  is  bled  into  a  tall  narrow  glass  cylinder,  and 
after  the  blood  has  stood  twenty-four  hours  in  an  ice-box, 
clear  aennn  is  obtained. '  (See  p.  105  concerning  this  and 
.. )     Such  a  serum  agglutinates 


the  dilution  of  the  e 


#■ 


Pig.  18, — Smaller  and  larger  clamps  of  agglntinnted  Eicterinm  tjphi 


tnie  typhoid  bacteria  in  dilutions  ot  from  1  to  30,  to  1  to 
100  or  more.  By  means  of  a  series  of  t«Bts  the  limits  of 
the  value  of  the  reaction  are  determined.  The  organisms 
to  be  diagnosed  must  also  be  agglutinated  by  a  similar 
dilution.  If  it  should  be  affected  much  more  feeiily  (i.  c, 
only  with  a  higher  concentration:  for  example,  1  to  20) 
than  the  stnndard  culture,  this  may  dejwnd  upon  the 
greater  virulence  of  the  first,  because  the  greater  the  viru- 
lence, the  more  easily  the  effect  is  produced.  If,  in  spite 
of  lower  virulence,  the  effect  is  much  less  than  in  the 
standard  culture,  then  the  bacteria  in  question  are  not 
typhoid  bacteria. 

2.   Testing  the  Serum  of  Patkrils  Who  Are  Stutpecled  of  Hav- 

'  Itnmnne  semm  with  tbe  addition  of  O.li  'i  thyniol  ia  verj  stable, 

but  bIso  sernni  may  be  obsorbed  by  lil(«r-|iapc!r  in  ocrlnin  qituntity 

L  time  a  t<^t  if  to  be  made  a  piece  oF  the  pnper  moj  be  added 

rf  tj'phoid  lioHillon  (Richardson,  C.  B.  XXi,  445^ 


I 
I 

I 
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FoUowing  exacUv  tbe  mstractione  oo  pa^  105,  diSerent 
Usts  aie  nude  with  Tarring  Etrei^tfas  of  grrnm  and  tbe 
liinit  of  tbe  actiTitT  ol  the  serum  determined.  If  the 
semm  do«8  not  c&ose  aggltitinxtioD  in  dilations  higher 
than  1  to  50,  thea  do  decision  is  possible,  for  serums 
wbicfa  are  active  when  thus  diluted  occur  without  typhoid 
fever  being  present  or  having  preriouslv  occurred  (25% 
of  healthy  peraoi^  furuLsh  eenun  which  is  active  in  dilu- 
tion of  1  to  10).  On  the  other  hand,  the  sbeenoe  of  ag- 
glutination does  not  absolutely  prove  that  typhoid  fever 
does  not  exist,  eBpecially  at  the  comroencemout  of  Uie  dis- 
ease, for  before  the  thiM  week  the  reaction  is  not  so  very 
rarely  absent;  after  the  third  week,  it  is  Ueking  in  only 
1%  of  tbe  cases  fconipare  Bieberetein,  Z.  H.  xivn,  347). 
The  diagnosis  of  typhoid  is  vioA  certain  when,  during  the 
course  of  the  disease,  tbe  reaction  having  been  previously 
absent,  it  develops  with  increasing  vigor  (v.  Leube).  For 
many  details  and  the  entire  literature,  consult  Kasel  (Ver- 
hanuIuBgen  der  phv8.-med.  Gesellscbaft  in  Wunibu^ 
XXXII.  No.  6,  1899);  in  abstract.  Kasel  and  Mann  (Munch,  i 
med.  Wocbenschr,  1899,  No.  IS,  581). 

Not  infrequently  coli  bacteria  are  influenced  more 
strongly  than  typhoid  bacteria  by  serum  from  typhoid 
patients,  and  this  is  explaineil  ujion  tbe  entrance  of  coli 
bacteria  thrfiugh  the  intei^tinal  ulcers  during  the  typhoid,    , 

'  The  nropoMol  to  pniploy  blood  inaleAi]  ot  eetwa  in  the  dutfcixHil 
Vt  typhoW  w  otUrn  mode  nnd  htw  been  tonnd  prac^iral.  With  a 
pfpci  O.l  r.o.  of  bimicl  (a  placed  in  s  immll  RraduBted  cvlindfT  and  , 
flilnM  to  2  c.P.  Thifl  blood  tniilure  is  I^Mcd  and  corrvxpno^B  ">  it< 
flSceta  to  tk  «Tiim  diluted  40  timee.  Cuinpnre  Babnoke  (C.  IS.  XXltl, 
1002}.  If  mtD  powwnra  o  Thomo-Zeitis  counting  appoiatus  for  tenko-  i 
ttfUm,  O.fi  tt.c.  of  blooit  \naj  be  drawn  into  the  melani^ar  And  thea 
10  O-O.  ot  waU-r,  (>t  lliv  niixtnre,  a  drop  is  mixed  with  a  drop  of  mft- 
Mnrioa  of  bwUTiii,  Thiw  the  dilution  becomes  1  to  40.  ( Botitualri, 
HUnoh.  mnl.  WochrnKhr,  IHtK),  Q(Ki.) 
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etc.,  tbils  producing  a  mixed  infection  (Stem,  Berl.  klin. 
Wochenechr.,  1897,  225).  Thus  the  serum  of  patienta 
(in  distinction  to  animal  serum)  can  be  employed  as  a 
test  for  typhoid  bacteria  only  when  it  has  been  previously 
found  entirely  or  almost  without  effect  upon  known  Bact. 
cnli. 

Regorilin);  the  relation  ot  the  Bact.  coli  to  the  BscC.  typhi  there  has 
heel)  innch  work  done  and  Btill  more  written.  Objectively  considered, 
till:  ease  in  that  onnicrous  thin^  speak  fur  the  probability  thttt  the 
Itoct.  typhi  miiy  origionte from  the  Biict.colilijB  loss  o(  certain  zymo- 
genic and  the  acquisition  of  pathogenic  iiropertivs,  hot  tJie  posnibility 
of  SQoh  a  change  is  cot  proved  by  any  experimental  investigation. 
Wc  nmy  believe  wlint  we  will,  but  fw  the  present  the  Bact.  ooli 
and  Bact.  typhi  are  two  different  organiams.  Kodiing  pertinent  to 
the  qnestion  is  afforded  by  the  demunstration,  c»minK  fivm  variooB 
sidHi,  that  the  Bact.  coli  rnay  loee  its  ability  to  prodnoe  indol  and 
coognlatc  milk.  Also,  the  circninatance  that  Pcckhani  (Jour,  f,  ex. 
Med.,  1697,  II,  549;  C.  B.  sxiii,  9ISG)  was  able  to  stinmtate  t>'plK>iil 
bacteria  to  vigorous  prodndtion  of  iiidol,  aiid  that  cnltnrea  absolntely 
like  typlioid  are  found  which  present  no  agclntinatjon  with  typhoid 
serum,  do  not  certainly  prove  the  traiiBlormation  ot  one  kind  into  the 
other,  but  only  point  to  on  extroordinaiily  close  relationship. 

Bacterium  coli  (Escherich).    L.  and  N. 

(Plotesieandla.) 

Synonym .^Biiet.  coli  commune  Escli.  ( Darmbactt^rien 
des  Siiuglings,  Stuttgart,  1886).  Compare  page  250  and 
forward. 

Literature, — Kiessling,  Sammelrefcrnt  (Hypen.  Rnndscliau,  1893, 
III);  Losener  (A.  G,  A.  Xt,  207);  Germano  and  Mnnrea  (Ziegler'a 
Beitrfige,  xn,  494  ;  C.  B.  xv,  fiO|  ;  Tavel  and  LatiK  (C.  B.  xiv,  705); 
Von  Siooklin  (C.  B.  xvi.  130);  Gordon  (Jour,  of  Path,  niid  Boot,, 
IV,  438). 

Common  Names. — Colon  bacillus,  Coli  bacillus, 
"Coli  Escherich." 

Microscopic  Appearance. — According  to  the  nutrient 
medium  and  the  age  of  the  culture,  the  B.  coH  occurs  as 
almost  ieodiametric,  oval  forms,  or  (and  as  a  rule)  as 
short  rods,  2  to  4  /i  long  and  0.4  to  0.6  p  broad  ;  more 
rarely  in  the  form  of  shorter  or  longer  threads.  The  ends 
are  rounded;   not  infrequently  two   rods  lie  together  in 

Saire ;  also  chains  of  bacilli  occur.  In  unfavorable  con- 
itions  (old  potato  cultures,  soda  bouillon)  there  occur 


I 
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readily  etaiuing  polar  bodies  at  the  ends  of  the  rods,  wl 
the  middle  remains  unstained.     Young  rods  are  iilw 
actively  motile.     Concerning  non-tnotiie  forms,  see  under 
Bact.  aerogenee  (19,  viii,  ix). 

Staining  Properties. — Easily  stained,  even  with 
solutions,    by  ordinary   methods.     It  is  not  stoned 
Gram's  method.' 

Form  and  Arrangement  of  the  Flagella.* — Most 
authors,  like  ourselves,  have  found  the  flagella  similar  to 
those  of  the  Bat't.  typhi,  hut  a  little  less  mmieroua — L  e., 

4  to  8  peritriehouB,  long,  slightly  wavy  flagella.  Stocklin 
haa  found  very  great  variation  in  individual  "varieties  " 
of  Bact.  coli  in  this  respect ;  some  corn.'i!iiond  to  the 
description  given  above,  a  greater  number  poBsess  1,  3,  or 

5  flagella,  a  feiv  generally  only  a  single  flagellum  at  the 
end.  In  the  very  painstJiking  work  of  Rcmy  and  Sugg 
the  flagella  of  the  B.  eoli  are  described  as  somewhat 
shorter  than  in  the  Bact  typhi,  and  very  fine  (C.  B.  xiv, 
70).  We  cannot  entirely  confirm  this,  for  among  the 
different  varieties  (about  twelve)  which  were  stained  by 
us  there  were  some  with  very  long  flagella.  Sometimes 
tlie  flagf  lla,  extend  outward  from  a  colorless  capsule. 

Relation  to  Oxygen. — Grows  best  as  aerobe,  espe- 
cially upon  nutrient  media  containing  sugar;  anaerobically 
it  does  not  grow  quite  so  well,  and  still  more  poorly  when 
sugar  is  absent.  It  grows  also  in  COj,  but  not  quite  so 
well. 

Requirements  as  Regards  Temperature  and  Nutri- 
ent Media. — It  grows  rapidly  at  room  temperature  and 
very  well  at  37°,  is  satisfied  with  the  various  nutrient 
media,  tolerates  quite  strong  acid  reaction,  but  in  nutrient 
media  containing  sugar  it  not  infrequently  produces  more 

'The  stAtemrnt  of  .\|pjmmlrr  Suhmidt  (C.  B.  XiII,  781)  that  by 
caltivatinK  <<P<ki  natrient  nu^ia  oonbiinint;  tat  the  Boot,  ouli  noqaim 
the  propcrtv  nf  nULiiinit  by  Gram 's  method,  nc  ooutd  not  verify,  and 
MO  more  mnlil  JncoUtthal  (H.  R.,  1897,  849). 

*  We  KToiip  pruviBiitruiily  the  forms  which  liave  only  ono  or  a  few 
polar  flap-lln.  instmd  o(  n  lanre  nnraber  ot  peritnchons  flo^lla, 
»«p»«oi»|  "  forma  i«>lnriB  "  I^hin.  ami  Netim.  (TOmpare  p.  252),  The 
■>TO-mo[iIe  fomn  hp  plact  nnder  Bnct.  ae.nigenes. 
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acid  than  it  can  tolerate,  and  so  ilifs  out.     It  grows  well 
in  nutrient  media  which  contain  no  allmniin. 

Remarks  Regarding  the  Macroscopic  Growth  of 
the  Bact.  coli.^All  closely  observing  recent  authora 
_  (Dunbar,  Forrati,  Loaener,  etc.)  state  that  the  Bact.  typhi 
*  and  Bact.  coli  cannot  be  differentiated  with  certainty  by 
means  of  their  cultures,  but  only  that  generally  the  coli 
bacteria  grow  mure  luxuriantly  upon  the  various  nutrient  i 
media.  The  color  is  white,  often,  in  thick  growths,  be- 
coming gray  or  yellowiBh-white. 

Gelatin  Plate. — (a)  Nat»-ral  size:  Like  the  Bact.  typhi, 
except  that  here  the  iiioist,  opaque  forms  (not  uncom- 
monly somewhat  raised  above  the  medium  inthe  form  of 
drops)  are  more  frequent  than  the  thin,  delicate,  iridescent 
growths,  which  are  the  rule  in  the  Bact.  typhi  (19,  n). 

(6)  Magnified  seceniy  lime*  :  Not  to  l>e  differentiated  with 
certainty  from  Bact.  typhi  (compare  17,  i),but  on  account 
of  the  greater  Uiickness  of  the  iilni,  the  beautiful  striking 
system  of  furrows  is  rarely  well  developed  in  BacL  coli 
(19,  III,  IV,  and  vi).     We  have  often  observed  the  deep 
colonies,   which,  as  a  rule,   are  roundish  or  whetstone- 
shaped  (compare  17,  v,  and  16,  vii ;  both  types  are  very 
frequent),  present  wonilerful,  drawn-out,  lobulated,  tailed 
forms,  which  remind  one  of  the  zoogloE  of  Bact.  vulgare, 
and  for  which  we  can  make  only  high  temperature  (soft-  j 
ness  of  the  gelatin)  responsible  (19,  i).     Similar  forma- 
tions have  since  been  described  by  W.  Rosentlial  (Deut    I 
Arch.  klin.  Med.,  LV,  518).     Compare  also  the  complete  a 
representation   of    Klie,  who   observed    and   represented  | 
such  forms  of  colonies  of  typhi  and  coli  bacteria,  espe-  ] 
ciallv  upon  soft  nutrient  nietlia,  containing  little  gelatia  I 
(C.  B.  XX,  49).  I 

Gelatin  Stab  and  Streak, — Like  Bact.  typhi,  only  | 
somewhat  thicker,  more  opaque,  and  more  rapidly  grow-  I 
ing.     Never  liinicfyiiig  (IS,  i,  ii).  I 

Agar  Plate. ^f'nliniics  exactly  like  Bact.  typhi,  only  I 
usually  snnirnli, it  tliickcr  and  moistcr.  Magnified  sevenW  I 
times,  tlir  (lii'p  iMJoiiicsofti-n  appear  somewhat  rough  and  J 
knobby  (LS,  viji  tin:  sviperficial  usually  roundish,  finely  I 
punctated,  almost  structureless,  and  opaque;  at  other  times  J 
they  are  finely  lobulated,  with  markingfi  Ukft  & 'cnvi&wscc^d 
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Agar  Streak  and  Stab. — Like  Bact.  ty])ln,  often  mi 


Bouillon  Culture. — Cloudy,  with  a  moderate,  slim^ 

ErediiiUiU;,  ivliidi  upun  sliakiiig  rises  up  and  becomes 
OJiiogeneously  dislrifiuted.  SoiiietinieB  there  is  a  distinct 
pellicle  formed  on  the  surface  of  the  bouillon. 

Milk  Culture. — Milk  is  ugually  rapidly  coagulated; 
more  rarely,  slowly.  In  connection  -with  the  ability  to 
break  up  milk-BUgar,  coi^ulation  of  milk  \s  nerer  absent. 
Regarding  no ii- coagulating  forniti,  see  under  Bact.  cholene 

Potato  Culture. — Growth  with  a  wavy  outline,  at  first 
yiiUuwisb-white  to  grayish -yellow,  later  pea-yellow  to  yel- 
lowish-brown and  grayish -brown,  partly  flat,  partly  much 
elevated,  usually  with  a  moiat  luster,  less  often  dry  and 
dull.  The  potato  in  the  region  of  tlie  growth  is  usually 
discolored  (18,  ix).  Rarely  the  Bact.  coli  produces  a 
delicate,  almost  invisible  potato  growth  resembling  that  of 
Bact  typhi. 

Resistance  to  various  injuries  is  about  like  that  of  the 
Bact.  typhi.  It  is  even  more  resistant  to  acids,  formalin, 
and  other  chemicals.  According  to  Walliczeck,  it  bears 
dryuig  poorly  (C.  B.  XV,  947). 

Chemical  Activities. — 

(o)  Chromogenenia :  Only  upon  potato  and  always  mod- 
erate (yellnwish-brown). 

(i)  Odoriferous  and  gustnbk  stibtta-nceg :  Uncharacteristic, 
ill-emelliu};  suhstancGB  are  dt!vehT)ied  U]ion  agar  and  gelatin, 
but  especially  upon  potato  cultures. 

(e)  Gae  and  acid  prodtidian  from  carbi>hydTale» :  Grape- 
and  niilk-sugar  are  fenncnknl,  with  the  production  of  a 
mixture  of  acetic,  formic,  and  lactic  acids.  Aceording  to 
Oppenhiiriier,  there  are  fornifd  70%  vohitile  and  30  fo  non- 
volatile acids,  and  some  iiHloforni-forniing  substance (alco- 
hiil).  Miiiiy  cultures  ferment  cane-augar  ulsn.  With  tliis 
ferineiitation  there  occur  abundant  CO,  iind  H,  in  varying 
proportion;  we  found  aliout  one-fourth  CO,,  the  rest  being 
M  and  BOmv  N,  but  no  marsh-gas.  According  to  Pfr^  (A. 
P.,  1898,  737),  three  different  Bact  coli  formed  levorota- 
tory  lactic  add  from  nutrient  media  with  grape-sugar, 
vhicli  contained  peptone  as  a  source  for  nitrogen,  just  as 
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is  done  by  Bact  typhi.  But  if  ammonia  was  the  source  , 
of  the  nitrogen,  then  only  the  Bact.  typbi  and  one  Bact. 
coli  isolated  from  man  produced  levorotatory  lactic  acid 
ina  remarkaiile  manner;  both  the  other  coli  cultures  (from 
cheese  and  animal  feces)  produced  dextrorotatory  lactio 
acid. 

(d)  Vigorous  production  of  HjS  from  peptone;  usu- 
ally abundant  indol.  We  have  never  failed  to  find  tracefl 
of  indol. 

Earplos  found,  in  Uie  arine  of  a  pnticnt,  an  or^nism  resembling 
tlie  t.vphoid  bnct«riuui,  which  produced  H^  niiil  mcthyhncrcuptan 
tiliundoiitlv  rroDi  the  aubstonoes  conlaining  sulphur  in  the  nrine  (C. 
R  XVi,  701). 

(e)  Decomposition  of  urci  occurs  with  many  cultures, 
hut  by  no  means  in  all  (Barlow,  Mann).  Compare  pa^ 
70.  Hall^  and  Dissard,  and  recently  Mann,  have  demon- 
strated very  minutely  the  decomposition  ttf  urea.  Kasliida 
found  it  BO  constant, that  he  described  the  production  of 
ammonia  in  a  lactoso-urea  nutrient  medium  aa  a  charac- 
teristic peculiarity  as  opposed  to  Bact.  typhi  (C,  B.  xxi, 
802),  while  Melchior  (Cystitia  und  Urinintektion,  Berlin, 
1897)  considers  the  Bact.  coli  to  be  the  meet  common 
cause  of  cystitis  (after  previous  injury  to  the  bladder),  . 
hut  denies  that  it  can  produce  ammonia  by  breaking  up 
urea.  Similar  negative  results  were  previously  obtained 
by  Schnitzler  and  Krogius. 

Distribution.  — 

(a)  Outside  the  body:  In  canal-water,  impure  water, 
but  also  in  springs  which  can  scarcely  be  suspected  of 
pollution,  there  occur  very  often  organisms  which  corre- 
spond to  Bact  coli  (v.  Frcudenreich,  Lebmann  and 
Neumann).  W'e  never  failed  to  find  them  in  water  sus- 
pected of  containing  typhoid  bacteria. 

The  narTower  the  definition  is  made,  ao  much  the  more  ia  the 
number  reduced.  TbtiH,  for  exftmple,  Sohardinger  (C.  B,  xvi,  853) 
dMlnres  water  organianis,  resembling  Hact.  coli,  which  ferment  grape- 
eoKBr  and  grow  in  the  incubator,  to  be  freqaentl;  present,  but  in 
Rpit«  of  it  that  tlie  Bnct.  coli  is  rare.  Most  of  the  producera  ot  ti>r- 
mentatioD  are  easily  differentiated  from  the  Bact.  coli  by  the  milk- 
wbite,  alimy,  tenacious  growth  upon  ptntea  [see  beloiv). 

Regarding  the  occurrence  in  dough,  compare  page  255. 
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Gordan  found  it  constantly  in  decomposing  fruits  (C.  B. 
L.  IV,  247). 

(6)  In  the  hfaUhy  body :  In  inttislinal  canal  even  in  the 
first  milk-stool.  It  is  never  absent  in  any  normal  human 
or  animal  intestine.  In  the  bodies  of  32  hcaltby  personB, 
which  were  examined  from  twenty-four  to  thirty-six  hours 
after  death,  the  B.  coli  was  present  16  times,  especially  in 
the  liver  and  kidneys,  doubtlesa  having  wandered  out 
from  the  intestine.     Wurtz  and  Hermann    (C.  B.   xn^  ■ 

(c)  In  divcued  Imman  body  (the  motile  and  non-niotil^a 
forms  are  not  often  separated):  As  the  cause  of  numerooH 
diseases,  especially  of  the  ahdominal  organs  :  peritonitisX 
cystitis  '  (partly  alone,  especially  when  the  urine  is  acic^| 
sometimes  associated  with  the  Bact.  vulgare  ;  see  under  tlt^H 
latter),  urethritis,  pyelonephritis,  suppurative  ueuhritiajB 
perinephritis.  It  occurs  remarkably  often  in  suppurativa 
strumitis.  A  number  of  intestinal  afEectlons  appear  to  I^B 
associated  with  viruletit  forms  of  the  colon  group ;  «fl 
all  events,  according  to  Dreyfuss  (C.  B.  xvi,  581),  tbifl 
forms  isolated  from  the  diseased  intestine  are  mucin 
more  virulent  for  rabbits  than  thoge  isolated  from  tb^9 
healthy  intestine.  Regarding  its  relation  to  dysenteryfl 
see  page  251.  ^fany  authors  ascribe  also  certain  caM^| 
of  cholera  nostras  to  it  (Vnughan  and  Perkins  found  aflM 
organism  related  to  the  colon  group  to  be  tlie  produe^^[ 
of  poison  in  confectioner's  ice.  C.  B.  L.  ii,  799.)  MoaM 
cases  of  "typhoid"  or  choleriform  disease  from  the  eatin^l 
of  diseased  meat  depend  upon  it  (see  below).  Axdl 
Host  traced  the  Norwegian  disease  from  Uie  eating  c^| 
"knetkiiae"  to  infection  with  the  colon  bacterium  (C.  Bfl 
XX,  160).  More  rarely  the  Bact.  coli  is  the  cause  taj 
nnvumonia  (Klein,  C.  B.  v,  U25),  leptomeningitis  i^| 
infants,  icterus  grnvis,  Winckel's  disease  (LuharschJ 
Virch.  Arch.,  cxxiii),  mcliena  neonatorum,  puerpeniS 
(ovPT,  panophthalmia,  infection  of  wounds  (wound-aiph« 
theria).     Tnoinot  and  Masselin  hold  it  to  be  the  cause  ofl 

•  The  (jyxtilis  miorohea,  which  do  not  liqiirfy  (^'Intin,  di-BCribed  bfS 
diOi'rFnt  Duthnrs  IKvbliuid,  CUuIo,  HnllC',  Allvurun,  eU.'. )  under  (mA 
mcMt  vnrious  muoM,  appear  to  be  almost  olnnya  Bact.  (.iili  ;  compaWM 
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many  cages   of  myelitis,  as   they  can  produce  such  ei- 
perimentatly  in  rabbits  (C.  B.  xvi,  919). 

(d)  In  animah:  In  septic  infections  (puerperal  fever, 
septic  inHauimatioii  of  the  umbiHciil  cord,  etc.)  of  cattle,    i 
Compare  hog  cholera,  page  252. 

Experimental  Observations  Regarding  Pathogenic 
Action. — {a)  In  aninutU:  Juet  like  the  Micr.  pyogenes, 
the  Boct.  coli  possessed  most  variable  degrees  of  virulence; 
the  various  morphologically  and  biologically  variable 
characters  are  entirely  useless  for  determining  anything 
regarding  the  virulence.  According  to  Valagussa,  the 
virulence  of  the  colon  bacteria  from  the  intestine  of  ex- 

iierimental  auimald  is  greater  the  sicker  the  animal. 
n  cats  vegetable  diet  produces  considerable  increase  of 
virulence  of  the  colon  bat^teria,  milk  diet  a  marked  at- 
tenuation. Subcutaneously  the  Bact.  coU  sometimes 
causes  only  suppuration,  sometimes  septicemia ;  intra- 
peritoneal injection  of  1  c.c.  of  bouillon  culture,  according 
to  Gabritschewsky,  is  always  fatal  for  guinea-pigs  in 
about  fifty  hojirs.  Fifty  separately  isolated  Bact  coli 
cultures  behaved  exactly  alike  in  this ;  bacteria  were 
always  present  in  the  heart's  blood  (C.  B.  xvii,  833). 
According  to  Vallet,  cultivation  in  filtered,  sterilized 
urinal  refuse  increased  the  virulence  very  much  (C.  B. 
XIV,  325). 

Immunity  and  Serum  Diagnosis. — Active  immun-  I 
ization  in  the  usual  way  is  possible.  The  serum  aggluti-  | 
nates  coli  bsicteria.  According  to  many  writers  (for  exan> 
pie,  Pfaundler,  C.  B.  xxiir,  9,  71,  131),  the  agglutinating 
action  of  the  semm  is  much  greater  against  the  coli 
culture  em^iloyed  in  the  i nun un ization  than  against  other 
cultures,  and  it  is  even  absent  against  many  other  cultures. 
The  new  fonn  of  Berum  reaction  observed  by  Pfaundler 
was  only  obser\'ed  in  the  action  of  serum  upon  the  culture 
employed  to  produce  the  immunity.  It  consists  in  the 
absence  of  agglutination  and  the  formation  of  balls  of 
long  threads  in  twenty-four  hours. 

(6)  In  vum:  Pathologic  etiologic  observations,  which 
have  the  significance  of  experiments,  have  been  made  in 
man  with  B.  enteritidb  Giirtncr  and  B.  morbificans  bovis 
Besenau,  which  are  to  be  considered  as  e&anv^\.'e%  lA  ^iEt!& 
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colon  bact(;riiini,  Wlien  ingested  in  meiit,  Ihey  make  i 
men  Biek.  Similar  oltservations  lisive  been  cuuimuiiicated  ■  \ 
liy  GaiTky  and  I'aak  regarding  meat  (sausage),  and  by  > 
Gaflky  regarding  milk.  i 

Also  heated  cultures  are  injurious.     Repeated,  eubcu-  J 
taneouB    injections    of    sm^ll    quantities,    according    to  1 
Sanarelli,  produce  an   immunity  against  virulent  Bact.  \ 
col)  cultures  (not  against  typhoid).     Introduced  into  tha  J 
stomach,  boiled  cultures  are  less  injurious.     Tho  gastro- 
intestinal ejinal  soon  becomcB  accustomed  to  large  quanti-   i 
ties  of  poison,  without  the  occurrence,  on  this  account,  of 
an  iTiiiiinnilv  niiiiitist  tlic  subcutaneous  injection  of  devital- 
ized or  li^iii-  oulnirrs  (A.  P.,  1894,  353). 

Special  Methods  of  Demonstration  and  Culture.- 
If  coli  haeteria  arc  abundantly  present  (stools),  the  agar  I 

filflte  at  37°  is  employed  for  tbeir  isolation.    After  twenty- 
our  hours  shake  cultures  in  liquetied  2%  grape-sugar  agar  J 
are  prepared  from  nunieroua  colonies.     After  sixteen  to 
twenty-four  liours  all  colon  bacteria  present  abundant  gua 
production,  which  leads  to  a  breaking  up  of  the  nutrient 
medium.     (Fig.  11,  p.  89.)      The  varieties  which  cause  , 
fermentation  of  grape-sugar   agar  are  examined   micro-  " 
scopioally   (to  determine   whether  they  are   short  rods  ' 
without  spores,   and  whether  they  are  motile)  and   are 
transferred  to  lactose  agar,   milk,   potato,  ordinaiy  and  ' 
grape-sugar  Imuillon,  and  peptone  water  (indol).     I(  few  J 
coli  haeteria  arc  present(water),  then  tho  water  coneemedij 
has  2fe  grape-sugar  and  1  %  peptone  added  and  is  allowed  J 
to  stand  for  twenty-funr  houre  in  the  ineuhntor.  and  thenJ 
plates  are  lirepnrod.     It  has  also  been  recommended  to  add  I 
to  preliminary  cultures  1%  to  'I'fe   carbolic  acid,  0.75%  I 
anhydrous  soda,  and  1%  hydrochloric  acid,  but  we  have  1 
found  no  advanliiKC  frimi  it. 

Forms  of   the   Bact.   coti    described    under  separate 
names. 

In  the  sphenio  Tur  the  pcritriL'hous  Bnet.  cull,  nit  we  bave  j 
dvoritx'd  nml  represented  it,  thcri:  arc  included  very  many  subvo: 
•1—  J II    .1  ^  s(,pftrHi^  tpwies. ' 

'  Some   inrrslifgitnrs—for  example,   von  SUicklin— nndprtake    to   1 
''--'~a  iwjMiuW  [omiB  of  (Xili  iu  relution  to  tbe  number,  length, 
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1  no  Bharp  aepanktion  between  tbese  snbvarieties  in  iipite 
every  effort  to  do  m.   Mnny  lU'wriptioiui  are  ilraun  up  without  any 
Teitce  as  to  liiw  thu  variety  beiii|;  describMl  is  relalfd  to  those  next 
to  it,  iir  the  differential  dia^iiusis  is  baill  upon  one  ur  another  uharao- 
teruitic  whose  incunstuncy  huH  lung  aiiioc  be^  eHtubliidied  either  tor  tha    . 
colon  group  itaelloreven  Tor  other  exhaustively  studied  groupa  (Mioio-    i 
coocuB  pyogeues,   titreptoooctnui  pyogimes,  Btreptoooccua  lauoeoiatna,    J 
et«, ' 
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terium  coil,  var.  dysenterkum  Celli.— Maggiora  tnwed  an 
extensive  epideuiic  of  dyseutery  in  uortliern  Italy  to  the  Bnct.  i»li. 
Amaud  candidly  ileolared  the  Boot,  coli  to  he  the  cause  of  dysentery 
in  hot  countrii*.  C^lli  (C.  B.  xvri,  30«,  and  XXV,  481)  fonnd,  as  the 
cause  of  dyaeiit^rry  in  Italy,  a  fonn  ot  the  Boct.  coli  which  he  called 
Buct.  nili  dysenteritsiun,  and  which,  diflers  from  the  Boot,  coli  only  in  its 
pathogenic  prc>|Krtie«  aud  not  in  other  pecniiaritiea.  It  growE  delicate- 
ly, more  like  the  Buct.  typhi,  and  ferments  grape-augur  and  i!(Higtilate8 
milk  slowly.  With  this  the  Bacillus  dyaenteriic  Hbiga  ( C.  B.  xxiu, 
599,  and  XXIV,  HIS)  nu^-  be  connidered  identical.  Both  orft^isms, 
in  dtstiiictiun  to  other  ooli  forms,  were  ag^lutinAtcd  by  the  Herum  Irom 
CBBMof  dvBeuteTy  or  from  animals  inimuniEed  against  this  form  of  Boct. 
ooli.  Shi^  gives  an  extensive  review  ot  tlie  literature,  with  illnsti»- 
tions;  also  n  critidMii  iiC  ttie  works  which  advocate  amebic  as  the  oanse 
of  dysentery.  There  la  etill  a  decided  possibility  that  the  clinical  pio- 
tnre  of  dysentery,  as  especially  Kruse  and  Tusquitle  snpgeitt,  is  catised 
by  entirely  different  agents  in  separate  epidemics.  Literature  relating 
to  the  ameba  question  is  given  hy  KniRe  and  Paeqnale  (Z.  H.  XVI,  1) 
and  Fajardo  (C.  B.  xix,  753),  who  consider  atnebce  t«  lie  the  cattae  of 
tropical  dyxentery,  Ciechanowski  and  Novak  cannot  convince  them- 
selves ot  the  importance  either  of  omebiE  or  of  forms  of  tlie  Bact.  coli; 
for  many  cssea  wrtain  streplJMMCJ  appear  to  them  to  be  primarily 
rteponsihle  (C.  B.  XXIiI,  4^5).  liegarding  the  questions  oonnecttd 
wiUi  dj'Senlerj,  consult  also  the  critical  review  of  the  literature  by 
Janowski  (C.  B.  xxi,  234).  u 

Bacillus  enterltldis  Gartner.— Morphologically  identicfU,  flagella 

unknown.     According  to  I.ubarsch,  milk   is  coagulated,  bnt  it  waa 

not  observed  hy  Giinther  and  Th.  Bniith.  Cause  of  poisoning  by  meat; 

even  the  hroth  prepared  from  th*i  meat  was  also  poiBonons.     (K""     ' 

resp.  Bliitter  des  iimlichen  Vereinfl  lUr  Thiiringen,  1888,  No.  9.) 

Bacillus  of  Ferret  Pl^ueof  Eberth.— Bnct.  mustelicida  Heim. 
Corresponds,  according  to  our  invtstign tions,  in   all  reapecta  to  the  | 
Bact.  coli.    It  biu  tcmr  or  five  long,  peritriohoua  flagella  (C.  B.  v,  454,  I 

Bacterium  brassies  acldte  of  Lehmnnn  and  Conrad.—Fonnd  b^l 
Conrad  in  many  samples  of  sourn'mtit,  ami  the  enuce  ot  the  termentt^  f 
tion  of  sonr-cmut.     Uus  4  to  10  very  long,  thin  Oagella.    Often  si 
slightly  by  Gram's  method.     It  is  differentiated  by  itti  prodnotion  <rf  I 
marsh-gas  upon  eabbage  broth.     Besides  about  80%   CO,,  there  i».] 

and  staining  jiniperties  of  the  flagellii.  We  should  be  glad 
the  atrichmis  (liiu't.  aerogenes),  peritrii'hons,  and  mono- 
biohouB  Baot  coli,  if  it  had  not  been  impoeeible  ta  «Bxr;j 
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fornied  18%  U,,  anil  2'A  nutrsli-go^.     It  ferments  nulk-eii^ar  a 
BgaUtesniUk  (A.  U.  XJCIX,  fi!!).  _ 

Bacillus  of  the  AlarseilleE  Swine  Plague  Jcibertanil  Bietadkl 
(C.  B.  IV,  270. )  I 

Bacillus  of  SponUneous  Rabbit  Septicemia  El<ertli  and  Man' J 
di7  (Forteoh.  dcrMed.,  viii,  mM,  547).— Milk  Ucougulatcd.  We  do  I 
not  know  rcgardiDg  Uie  arntngement  oF  the  flagellA.  f 

Bacillus  apfatnosus  Kruse  (Bacillus  tif  muiitli  and  loot  disease,  1 
acoording  toSiegel;  Dent.  med.  Wochcnsrhr.,  IHill,  No.  49,1328,  and  1 
1894,  Niis.  Ifi,  400,  and  19.  426  j  C.  B.  XUC,  TJ«).— There  is  no  ow-  -J 
taintf  that  it  biu  anything  to  do  with  Diouth  audfuot  di?eaee.  Aeonri-  1 
ing  to  Kruw!,  who  [onnd  tJie  onlturcfi  to  be  motile,  it  is  a  typicttl  Baot.  j 

Bacillus  Indigogenes  Alvsres.— In  the  maceration  and  hnlitig  o( 
the  Itavra  of  the  indigo  plant,  it  brinm  abont  the  formation  u(  a  blue 
pelliole  from  the  pre-existiiig  "glyeosid.  iudican."  The  baetcrinm 
IB  motile,  but  otherwise,  macroaoopicnUj',  nderowiopicallj,  aod  onl- 
tumtly  (ciipsule,  rermentntion  ot  snuti',  etc.),  is  very  much  like  1^ 
Bact,  pneumonia-  Priedliinder.  T)ie  Intlcr  is  visa  able  li>  break  npin- 
dkan.  The  indigo  haeillna  ia  also  pnthogeiiie  (C.  B.  ii,  441).  Ao- 
oordlng  to  recent  anthnrs,  indigo  lb  format  » ithont  aid  from  bacteria, 
but  by  onlv  the  combined  action  of  diai'tiilic  and  i»idizing  (erments. 
(Conipnre  also  Brfaudat,  C.  B.  L.,  Bd.  v,  1C7.) 

Bacterium  coli  ^  polBiis.     Lehm.  and  Neum.  j 

(Plate  16,  XII.)  I 

Not  distinjroishnble  from  the  Ract.  coli  morphologically  or  blolq^  I 
ically  except  that  the  fliigelln  are  altmys  only  at  one  or  both  polM.  I 
Cultivut^^  by  ua  from  cheeec  ( "  Emmenthalcr  "}  and  from  the  orpsa  4 
of  a  dead  deer  ;  by  Sliicklin  {C.  B.  3tvi,  130|  from  feces ;  cultivateA  .1 
by  F.  Gartner  from  the  oncana  of  n  dead  guinea-pig,  and  closdjr'  I 
stndied  find  fonnd  pathofjenic  for  ftninea-pigs  ( C.  B.  XV,  1 1.  J 

Lnckai'h  has  t)liotogniphed  a  similar  form  as  Bact.  coli  (C.  B.  xn,  1 
429),  onlv  it  nppenK  rcmnrkable  to  uh  that  he  comes  to  the  oonclmiaa  1 
that  the 'Bact.  eoti  always  have  1  to  3  flngella.  We,  like  StScklia,  I 
have  funnd,  anionic  many  isolated  "coH  FormR."  onlja  few  Tritb  a  J 
^ngle  tUgelhim,  which,  w  far  na  ire  now  know,  pnwicm  this  as  a  oon-  1 
stnnt  property.  We  have  not  been  able  to  enter  into  sjiecinl  inTestt-  ( 
gntions  r^rding  IIuk.  , 

Bacterium  cholers  suum.     (Migula.)     Lehm.  and       J 

Neum.     (Bacillus  suipestifer  Kruse.)  I 

Synonyms. — Cause  oi  hog  cltolera  (Salmon),  nf  S\'in-  i 

pcBt  (UiiiiK  iiiid  SeluiKltr,  C.   B.   in,  .SfiO;   xi,  .'iSS  ;  xm,   \ 

203),  of  tlie  Danish  flwiut' plague  ("Sehweiiipaeuche"),   I 

\  vwiue  plajitue  (fiiUiiit;e),  swine  fever  (Klein,  C.  B.  xvm,  I 


;  Voges   [Z.  H. 
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105).  BacilluB  cholera  Biium  Migula.  Recently  the 
disease  ia  often  spoken  of  in  Germany  as  ' '  Schweiiiepeat ' ' 
or  "American  Scbweineseuche."' 

Friitdpal  Lileralurr. — Eaccujtlin  (C,  E.  vie 
IX,  2.13;  XVI,  231)  :  Silberachmidt  (A.  P. 
XXIII,  140)  ;  Karlinaki  (Z.  H.  XXVIII,  373). 

This  oi^anism  is  not  different  luorphologically  from  the 
Bact  eoli.  Macroscopically  and  microscopically  (multi- 
ple, long,  peritrichouB  flagella),  it  fiiruishes  a  typical  form 
of  the  Bact.  coli. 

The  following  biol'^c  peculiarities,  which  are  confirmed 
by  our  study  of  a  culture  from  Rubner's  Institute,  serve 
to  differentiate  the  organiins: 

1.  From  milk-sugar  it  forms  neither  acid  nor  gas,  and 
inoculated  milk  is  not  coagulated,  and  does  not  become 
acid,  but  alkaline. 

2.  The  gas  produced  from  grape-sugar  is  one-third  CO,, 
two-thirds  Hj.  (The  Bact.  coli  yielded  us  similar  propor- 
tions.)  According  to  Smith,  one-hall  CO,  and  one-half 
H,. 

3.  Does  not  produce  either  indol  or  phenol. 

The  onltures  Htndied  by  na  were  always  motile.'  Ferrier  {Lfon 
UMioal,  1S94,  No.  40)  round  the  hog  oholpro,  alter  being  cnltivat«d 
(or  Are  months  npon  atgn,  to  present  ehort,  very  actively  motile  rods, 
with  multiple  flagella.  35 ,«  to  r>j^ilon;[.  Tlie  niicro-or^Disms  1 /<  long 
hod  the  appparaiioe  of  Bpinillpfl.  After  paasoge  through  nn  aninuu 
aeyeiul  times,  the  rods  were  longor,  the  cilia  fewer  aDd  shorter. 

Pathogenic  Significance. — The  organism  cau'ses  de- 
Btnictive  swine  plague  in  northern  countries,  such  as 
America;  recently  also  in  England,  and  for  about  five 
years  in  Germany  {Graff under,  Deupser,  C.  B.  x\'n,  49); 

lYogesatid  PrnHkaner.  in  their  latest  pnblication  (Z.  H.  xxvm, 
SO),  designate  a  form  as  scbweinepest "  which  ferments  all  varieties 
ot  mgiir,  and  bo  porreaponds  t<>  the  typn  of  Batt.  coli.  However,  with 
the  addition  of  cnuatic  potnsh  to  femieDting  aiigar  bouillon,  in  twenty- 
tonr  bour«.  nith  the  admission  at  air,  a  red,  flnoreacent^  eosin-like 
color  appears.  This  color  occurs  with  none  of  the  oolturw  of  Amer- 
icnn  hog  cholera,  and  Voges  then  also  states  that  in  Germany  he  has 
so  far  Been  only  swine  plague  ("SchweineseTiche "},  and 
cholera.  We  Imve  fontid  nothiog  concerning  IMs  motile, 
"  Sohweinepest "  baof*rinm  in  other  an  thotB. 

*Tb.  Smith  has  deacribed  a  non-motile  form  (without  flagella] 
(C.  B.  XXV,  241). 
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recently  also  in  Hungary,  Bosnia,  etc.     Th.  Smith  (C.  B. 
IX,  253j  describes  the  following  tonus 

Acute  Farm. — Hemorrhagic  acptioemia ;  hemorrhages  especially 
observed  in  the  longs,  kidneys,  and  serooi  membmnes  (stomach, 
iutcstine),     Mnrked  splenio  tninor.     Death  in  a  few  days. 

Cknmie  Fonu. — AQimal  emaciated,  gait  tottering.  Larger  luid 
smaller  necrotic  areas  (ulcers)  on  lip^  polote,  tongue.  Mucous  lining 
of  stomach  very  red,  in  places  sliowmg  eochyinoHm.  Necrotic  areas 
(sometimes  dry,  nodular  infiltration,  sometimes  broken-down  ulot^rs) 
are  xouctiuiea  seen  in  the  small  intestine  and  rectum,  and  more  often 
in  the  cecum  and  colon.  The  lougs  are  not  much  olianged,  but  there 
may  be  some  atelectasis  or  broiioliopneuiiionia.  Tlie  kidneys  are 
almost  always  diseased,  albomin  anil  casta  appealing  in  the  mnne. 
There  is  a  splenic  tumor,  nsoully  necrosis  in  the  liver.  Death  in  two 
to  tour  weeks. 

Animal  Experiments, — Gu 
goons  are  eusccplible. 

Differential  Diagnosis. — 

AMEBlCAtI  SWIKK-PLAOI'E. 

(Bwine-pest  =  Hog  cholerft.  J 
Bacterium  choleree  suam.    L.  and 


I 


i-pig8,  rabbits,  and  pi- 


N. 

Very  actively  motile. 
Fennenta  grape-sngor. 
Lnmriant  growth  on  potato. 
Rather  luxnriant  growth  on  agar, 

very  friable. 
No  changes  at  the  point  of  infeo- 

Mnltiple    arena   of    cnagnlation. 

necrneis  in  the  liver. 
Few  baetfria  in  hlood. 


OERMAK  StHWETSESRtintE. 

(I/lfflerandSchiiti,    Seep.309.) 
Bncterinm  suicida  Mignla. 


Non-motile. 

Does  not  ferment  grapi'-mgar. 
Little  or  no  growth  on  potato. 
Slow  growth,  on   agar,  coherent 

(Karlinekil. 
Marked  changes  at  the  point  of 

infection. 
Liver  often  the  sent  of  fatty  de- 
generation. 
Abundant  bacteria   in   blood   of 
the  heart  and  large  vessels. 
Very  few  baoU'ria  at  the  site  of      Ahondant  baoterio  in  the  inllam- 
inocultttiun,  niatorr  edema  at  the  point  of 

iuocnlation. 
Pigeons  very  susceptible,  guinea-      Gniiiea-pigs     very      susceptible^ 
pigs  less  Ml.  pigeons  less  so. 

The  folli)wing  are  closely  related  to  the  Bacterium  cholene 
suiiin,  and  differ  somewhat  more  fnim  thn  Haot.  coH  on 
account  of  the  alisenco  of  some  biologic  (not  morphologic) 
peculiarity. 

Bacillus  of  Intestinal  Diphtheria  Ribbert  (Dent.  med.  Wooh- 
ewehr.,  !HH7,  No.  8,  Ull. — Tliis  perltriohonx  onpinism  is  indis- 
tingiilnhable  moiTilKiiOKicAlly  fniiii  thf  Baot.  ouli,  yet  the  ctiltixre  in 
our  inatitntc  (cultivated  for  eight  years  npon  non-saccharine  nutrient 
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medfs)  decompoeeB  grape-  aud  milk-fliagw,  witli  iiiteuse  production 
of  acid,  but  without  gas. 

Bacillus  dlphtheiis  columtiarum  Loffler.— A  c^ilhire  obtained 
(rom  Knil,  which  we  stiidii'd  carefully,  oomspoiided  exactly,  morplio- 
logicall;  and  biologically,  with  Bact.  cholerte  aunm  :  boaillon  verr 
oloody,  Bug^estioD  of  pellii^le,  millc  nnalt«red,  potato  at  firat  Tcllowiih 
then  yellowieh-gmy,  Siially  brown,  almost  the  same  as  glonderH. 

Bacterium  levons  Wolffin  (A.  H.  xsi.  268).— Cauee  of  fer- 
mentation in  1eBv«n.  Many  long  tla^lla,  milk  not  uoaguIatM,  indol 
formation  overlooked  by  WolfQii,  still  it  is  present  after  prolonged 
ntanding.  It  aleo  liringH  aboat  tb«  most  varying  tme  coli  fermenta- 
tion of  dough  (mwtie  acid,  lactic  acid  ;  T5%"C0„  25;f  H,)  in  Btcril- 
ized  flonr.  More  recently  we  have  reg:u]arly  iaolalMl  from  sonr 
dough  and  fermenting  bread-doiigh  absolntely  typical  Bact.  coli 
which  at  leust  piwwns  toxio  action.  Dissertation  of  Felix  Frknkel, 
Worzbnrg,  1806. 

Bacterium  morbiflcans  bovis  Boaenan  (A.  H.  xx,  241}.'— Not 
distingniahable  morphologically  and  biologically  from  liact.  cholem 
BDuiu.  It  fcnuentH  gmpc-sngar  feebly,  never  oongnlates  milk,  and 
thus  appears  not  Ifl  oftect  milk-sugar. 

Cultivated  many  times  from  cattle  anfferinji:  from  a  septic  diseaM 
in  which  the  spleen  is  enlarged  and  there  are  necrotic,  whitish-yellow 
the  spleen  and  liver.  The  organism  is  found  in  &e  blood, 
internal  orgiuis,  and  muscles  of  the  diseased  animal.  Mice,  white 
rate,  and  guinca-pign  are  killed  by  feeding.  Rabbits  and  the  other 
animals  die  after  infection  of  the  subcntfineouB  tisene,  the  peritonenm, 
of  the  pnerperal  ntenis.  The  organisms  escape  in  the 
milk.  Compare  the  Bacterium  of  Nouvelle  Bcptictmie  des  veaus  of 
Thomoiwen  (C.  B.  XXIV,  300). 

Compare,  fnrther,  Bact  entcritidis  Gartner,  page  251,  which,  aa 
it  coagnlatea  milk,  is  related  ta  the  Bact.  coil.  To  one  of  these  two 
forms  appears  to  belong  Goffky's  orpinism,  which,  if  taken  in  freeh 
milk  by  man,  canses  severe  diantse  (C.  B.  XII,  389). 

The'SwediehGauBUdtbscilluaof  Moist  is  closely  related.  Eighly- 
one  persons  in  the  institution  for  'the  insane  at  Gansladt  became  sick 
in  1891,  of  which  four  died  (C.  B.  xvit,  717).  The  disease  depended 
npon  the  eating  of  meat.  Often  there  was  on  initial  chill,  many 
wvere  baekache,  sometimea  lierpea  andefythema.  Theprincipj 
symptoms  were  ;  fever,  vomiting,  diarrhea.  The  organism  does  not 
change  the  reaction  of  milk.     It  ie  motile,  having  fi  flagella. 

Varieties  of  which  nothing  Is  written  regarding:  motility,  so 
far  as  we  know,  but  which  still  appear  to  belong  to  the 
Bact.  coli  (or  Bact.  lactls  aerogenes) : 
Bacillus  aSrogenes  vesica  Sehow  (C.  B.  XII,  745). 
Bacillus  of  B  pigeon  plague  of  Snntelioe  (Z.  H.  XX,  23),     Cbnsea 
9en>parnlcnt  peritonitis.     I'trhaiia  belongs  to  Bact.  septic,  hnuuor- 
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Bacterium  Guillebeau,  a  and  b,  v.  FreuiieDreich.  (See  C.  B. 
XVII,  4H7.)  The  orgnniams,  described  in  the  Annal.  de micrngmphie, 
wliich  is  inacceesibli!  to  as,  prridace  simaltKiieousl.v  (ermentittion  of 
milk  (inHation  of  oheeeu]  and  inflomnuttion  of  tbe  udder. 

Bacterium  of  white  or  yellow  calf  dysentery.  There  is  not  mud) 
to  be  gnined  by  referent*  t«  the  works  ol  Piano,  MMxanti  e  Vigenei, 
Monti  e  Veratti  (C.  B.  xviii,  653). 

Bacterium  icteroides.     (Sanarelli.)     Helm. 

Synonyms. — Bacilliis  icteroides  Sanarelli,  BrtcilluB  of 
yellmv  fever  itehriB  icteroides;  Spanish,  febre  amarilla). 

/.iTfrofurc— Sauarelli  (A.  P.,  1897;  C.  B.  xxn,  181  and  888). 
Tbe  more  recent  volames  of  the  C  B.  rantain  many  continuations  of 
Sanarelli's  findings  by  American  cliDiciaos  and  some  European  authors. 
Sttsmberg  (C.  B.  xxil,  H5;  xxrir,  829;  XXIV,  376;  XXV,  855). 

Regarding  the  contention  whether  Sternberg's  Bacillus 
X  is  the  same  as  the  Bacterium  icteroides,  as  Htembei^ 
maintains,  we  will  only  say  that  Sternberg's  Bac.  X  is  a 
typical  Bact.  coli;  the  Bact.  icteroides  resembles  more  tbe 
Bact,  typhi. 

Sanarelli  aceepte  as  the  cause  of  yellow  fever  n  short 
bacillus,  characterized  by  no  special  diagnostic  peculiarity. 
It  is  extraordinarily  like  the  Bact.  typhi  and  many  cul- 
tures of  Bact.  coli. 

Microscopic. — Short,  motile  rods  with  peritrichous 
flagella,  not  staining  by  Gram's  method. 

In  the  description  of  the  gelatin  '  and  agar  culture,  noth- 
ing  is  found  different  from  a  delicately  growing  Bact.  coli 
or  Bact.  typhi.  Single  pe^^uHarities  accentuated  by  Sana- 
relli are  scarcely  constant  (compare  Agramoiite);  thus,  for 
example,  in  agar  cultures  at  n>oni  temperature  there  is 
shown  an  elevated  ring  about  a  thinner  growth  ("seal  cul- 
ture). The  potato  cultures  resemble  typhoid,  being 
deli(!at«,  colorless,  but,  according  to  Agramonte,  they  be- 
come partly  brownish  later.  Milk  is  not  coagulated.  In 
milk-sugar  bouillon,  no  or  verj-  little  ga«  is  produced. 
On  the  contrarj-,  in  grape-sugar  iKiuillon  it  is  produced 
abundantly,  but  none  is  formed  in  cane-sugar  Douillon. 
It  is  a  facultative  anaerobe, 

'  Cnltnres  n'hich  we  obtained  from  Knll  present  modcnite  liqnetno- 

in  at  Kelatin  and  no  RpontaneoOH  motion,  but  otherwise  oorreHponded 
nry  well  to  the  deaoriptions  given  id  the  l«ii 


SACTEBIVM   ICTEBOIDES. 


257 


tnarelli  rests  the  principal  evidence  as  to  the  signifi- 
cance ot  the  organism  upon  the  following: 

1.  He  found  it  in  58%  of  cases  (the  dead  bodies). 

2.  Germ-free  filtrate  of  cultures  is  claimed  to  produce 
in  man  the  entire  typical  complex  of  a  case  of  yellow  fever. 

3.  Serum  from  cases  of  yellow  fever  causes  agglutination 
of  the  Bact.  icteroides.  Serum  from  animals  which  are 
immunized  against  the  Bact.  icteroides  is  said  to  operate 
prophylactically  and  therapeutically  against  yellow  fever. 

4.  The  B.  icteroides  is  imthogenic  tor  mice,  guinea-pigs, 
rabbits,  goats,  and  sheep.  Intravenous  injections  are 
followed  by  vomiting,  and  bloody  enteritis,  scanty  albu- 
minous urine,  and  once  (!)  marked  icterus, 

5.  The  pathologic  changes  in  the  inoculated  animal 
correspond  to  those  of  yellow  fever.  Often  extreme  fatty 
degeneration  of  the  liver  occurs.  The  most  convincing 
preparations  are  obtained  from  the  dog. 

Also  Fo^  ^C.  B.  x.tiv,  890)  finds  grave  specific  changes 
in  the  bone-marrow  of  aninoals:  fibrinous  thrombosis  of 
the  peripheral  vessels,  necrobiotic  areas,  etc. 

We  cannot  yet  lot>k  upon  these  proofs  us  completely 
euflicient.  While  no  objection  to  its  pathogenic  signifi- 
cance is  to  be  found  in  the  fact  that  especially  sharp  pecu- 
liarities are  not  possessed  by  the  Baal,  icteroides, — one 
only  has  to  remember  the  characterization  of  the  Vibrio 
cholerie  as  compared  with  water  vibrios,  or  the  similarity 
between  the  Bact.  typhi  and  Bact.  coli, — still  it  is  to  be 
admitted  that  certain  varieties  ot  the  Bact.  coli  are  also 
found  in  many  cadavers  and  may  produce  similar  disease 
symptoms  in  animals.  It  appears  also  objectionable  that 
yellow  fever  is  a  typical  disease  of  the  warm  zone,  and 
ceasee  in  places  and  at  tiiries  with  lower  temperature, 
while  the  B,  icteroides  possessed  about  the  same  resist- 
ance as  the  B.  coli  to  lower  temperature.  Yet  this  can 
also  be  understood,  since  the  cold  may  operate  upon  the 
intermediate  host,  carrier,  etc. 


I 


Bacterium  alcaligenes.     (Petruschky.)     L.  and  N. 

Bacillus  fiEcalis  alcaligenes  Petruschkv-     (C.  B.   .xix, 
187.) 
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Morphologically  very  Bimilar  to  tht:  Bact.  coU;  luxi 
riant  growth  on  potato  with  brown  discoloration  of  thfl.: 
nutrient  medium. 

No  decomposition  of  any  sugar  with  the  liheration  ol 
gas;  milk  is  alkaline  and  not  coagulated.  Also  upon 
litmus  milk  alkali  is  formed.  Tho  organism  correspondB 
to  the  Bact.  coli,  which  has  lost  its  power  of  decomposiiig 
BUgar.  Differentiation  from  the  Bact.  typhi  usually  not 
very  difficult.  Found  in  the  intestine,  also  in  spoiled- 
beer.     Compare  also  Pollak  (H.  R.,  1897,  vc,  p.  22). 

Bacterium  Stutzeri.     Lehm.  and  Neum. 


1 


litrificaiia  II,  Burri  and  Stutzer  (C  B.  L.  I, 


I 


BacillU! 
257). 

Mentjun  is  here  deserved  by  the  finil  completely  described  bnoiUm 
which,  wilbuut  tim  nid  oI  syoergelic  nrgnnismn,  was  able  to  bmil 
up  saltpeter,  with  the  liberation  of  uitro^en.     It  is  a  (diort,  molUerfl 
baoillos  (2-4  /I  Ion);,  )  ;i  thick),  withuat  sptirea,  luid  w itli  iMpering  ei)d&  f 
It  gniws  upon  gelatin  platcH  as  stnall,  dry,  tough,  white  diakB,  wbieT 
ore  tnivpt»e<l  by  characl^ristic  rwliating  rihis,  which  become  united  1^. 
OTDhm  nt  thu  edgi^.     The  snrTaoe  fi:niwUi  in  the  gelatin  Htab  cnltorc  $, 
similar ;  in  the  stab  it  growB  as  a  whitish  streak.     No  liqnefaoUoa.'l 
Agar  growth  not  veiy  ehamoterietiv.    Upon  feebly  alkalinized  potato,  itM 
p^A^,  rilHihapcd,  thick  growth,  froiu  a  piik  fleith-color  to  p^ch-m.  W 
In  boniUon  a  pellicle  forms.     In  0.3^  nitrate  of  potaseium  lKiniUc~ 
thvre  is  encrgetio  development  ot  nitrogen.     It  grows  both  at  To(t_ 
and  incnbator  tempera ttire,  equally  well  njthmtt  and  with  oxyges^^ 
yi-t  with  on  abundant  supply  ot  air,  fermentation  of  saltpeter  is  inter-'B 
fered   wil^.     Tlie   relation  to  carbohydrates  is  unknown.      Isolated'T 
from  fttraw.      Pounil  by  Kunnemann  in  straw  and  horse-nmnoiv  J 
(C.  B.  L.  IV,  n06). 


Bacterium  typhi  tnui 
1390 


ium  (Loffler). 
L.  and  N. 


(C.  B.  xi. 


According  to  Loffler  hinisi'lt,  it  is  very  Kunllar  in  every  J 
way,  morphologically  and  biologically,  to  the  Bact.  ot  lio(f  a 
cholera  fgrope-augar  is  converteil  into  acid  with  accotn'-F 
p4inying  gas-formation).  The  culture  studiwi  by  us,  likes 
the  Bacl.  typhi,  pnKluces  acid  \'igorous!y  from  grancJ 
iUgar,  but  no  ga»;  and  neither  acid  nor  gaa  from  milk-  | 
fiOgap. '  * 

*  Aocording  to  Lllffler,  feeble  acidity  is  produced  in  milk,  hnt  not  1 
Bcfenl  t«  cMtise  oot^ilntlon.    Mcrmtikoweki's  b«ot«riniii  from  th*  ] 
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Milk  remains  Quid  exactly  as  with  Bact.  typlii  and  is 
rendered  alkaline.  Our  culture  is  thus  liifRciilt  to  differ- 
entiate from  true  typhoid,  especially  since  its  Sagella 
correspond  in  number  and  length  with  the  best  flagellated 
typhoid  cultures.  On  the  contrary,  the  potato  growth  is 
remarkably  luxuriant. 

Upon  feeding,  the  bacterium  is  pathogenic  only  for 
mice;  house  mice  (Mua  muBculus)  and  field  mice  (Arvi- 
cola  arvalis),  but  not  for  Mub  agrarius  and  the  variouB 
domestic  animals.  It  has  been  sut^cessfully  employed  to 
combat  the  plague  of  field  mice  (compare,  for  example, 
Zupnik,  C.  B.  xxi,  458,  and  Appel,  C.  B.  xxv,  373), 
since  the  animals,  after  eating  bnid  soaked  in  cultures  ot 
the  bacterium,  die;  and  then,  when  eaten  by  their  com- 
panions, spread  the  disease  stil!  further.  The  ingestion  of 
200  germs  is  certainly,  and  of  20  almost  certainly,  fatal 
(Appel). 

Bacillus  of  mouse  plague  of  Laser  (C.  B.  xi,  1R4). 
Almost  identicjil;  not  studied  l.iy  us.  However,  according 
to  Laser,  it  is  stained  by  Gram's  method. 


Motile  Varieties,  Partly  Incompletely  Described,  Re- 
lated to  the  Bact.  coli  or  Bact.  cholers  suum. 

(S^teiuents  are  Incking  rcininliDg  the  arrange iiicnt  of  flogella  or 
Qie  fernientatiiin  of  cttrbohydrnles. ) 

Bacillus  of  gTouae  disease  of  Klein  (C.  B.  vi,  36,  502;  vii,  82). 
Epidemic  ot  the  Sooteh  groiise  (La^pus  amtic-ns). 

Bacillus  loxiacida  Tartakowsky.  Cause  ot  craHsbiU  plague.  In 
growth  resemhiea  s  little  rooro  Boct.  typhi.  No  coagnlation  ot  milk, 
DO  indol. 

New  gas -producing,  aerobic  Bacillus  of  Laser  (C.  B.  xtn,  217) 
Caxae  ot  nn  cpidctiiio  nmong  cBlA'fs, 

Bacterium  of  an  epidemic  of  young  pheasants.     Klein  (Ji 
of  Pttthol.  and  Boct.,  ii,  X^SW.  914). 

Bacterium  in  meljena  neonatorum  GUrtner  (C.  E.  XV,  8tl5). 
Typiual  peritrichoiLS  floKella;  relatwii  to  niilk-sugnr  unknown. 

Bacillus  pyogenes  feiidus  PasKot.  UnlPRtuchunRen  Uber  eitrige 
Phtegmonp,  Berlin,  I880,  Conipnre  also  ICabe,  Bact.  ooli  as  cauee  of 
diseaau  in  aninials  (C.  B.  xxi,  382}. 
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Bacterium  caniculfe.     (Oalii-Valerio.)     L.  and  N. 

Cause  of  an  epidemic  in  dugs. 

After  earlier  investigatioiia  ha<J  given  either  negative  or' 
uncertain  results  (Microc.  pyogenes  as  cause),  recently  two 
authors'  (GaUi-Valerio,  C.  B.  xvn,  677  ;  xix,  694 ;  and 
.  B.  XXV,  541)  claim  to  have  discovered  the  cause 
of  an  iiiiporlant  diseuse  of  dogs  in  short,  small,  motile 
bacteria  (f  1  to  2  /i  long,  0.3  to  0.6  or  even  0.9  ;.  thick). 
The  disease  civn  be  successfully  transferred  to  young  dogs 
and  <^ts;  according  to  Jess,  also  to  rabbits  and  guinea- 
pigs,  but  not  to  mice,  tlie  symptoms  then  corresponding 
to  those  of  the  natural,  iiiullifomi  disease,  in  which  the 
picture  is  dominated  by  fever,  ocular  and  na^il  catarrh, 
protnisio  bulbi,  and  bloody  diarrhea. 

The  statements  of  both  authcirs  do  not  deviate  in  any 
important  way. 

According  to  the  description  of  Jess,  who  needlessly 
places  Ilia  findings  in  contrast  with  those  of  Galli-Valerio, 
the  organisms,  wliich  arc  readily  cultivated  at  room  tem- 
perature, appear  to  be  related  to  the  colon  group.  They 
are  motile,  having  a  singlo  polar  flagellum;  gelatin  is  not 
liquefied;  upon  agar  there  is  a  gray  growth;  ujion  potato 
a  white,  velvety  growth.  In  gelatin  there  occur  a  few  gas 
bubbles  (grape-sugar?).  There  is  a  tendency  to  polar 
staining  by  Gnun's  methoil.  From  the  deacriplion  ot 
Galli-Valerio,  who  places  grrent  value  upon  the  form  Iwing 
sometimes  shorter  and  sometimes  longer,  it  appears  that 
old  gelatin  enltnres  present  funnel-shaped  drpressioiis 
without  liquefaction,  and  that  the  growth  in  milk  is  not 
accompanied  by  coagulation  or  fenneutation  of  milk- 
sugar.     No  indol  is  formed. 


Supplement  to  the  Non-liquefying,  White,  Hon- 
motile,  Short  Bacteria. 

The  Bacteria  of  Acetic  Acid  Fermentation. 

A  small  group  of  very   rlonely  n-hiled   vuricticB  form 

acetic  acid  from  dilute  alcohol  (for  example,  beer-wort  to 

*  Hor«  cxMnuve  reference  lo  the  lilenture  is  given  by  these  nuthon. 
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^^^^^^^^b                  ^^H 
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^f       which  is  added  0.5%  of  alcohol).     We   have  not  our-   ^H 
■        selves  studied   th^m  varieties,   which   huve  so  far  been    ^1 
^^       studied  upon  solid  media  with  little  thoroughness.    Macro-    ^H 
H       Bcopically  the  cultures  resemble  those  of  the  Bact.  pneu- 
^1       rnoni^,  lactici  and  coli.     Thus  far,  tliree  "species"  have 
H       been  distinguished,  Bacterium   aceti    Hansen,  Bacte- 
^1       rium  Pasteurianum  Hansen,  and  Bacterium  Kiitzin- 
H       gianum  Hansen,  and  they  are  characterized  as  follows: 

1 

""fiLiZ.""' 

B(ct.  PuleuriaD- 

Bact.  KUliJncian. 

B          NIlvleoiKlcrlleile, 
^B             US«°incr2«hQun: 

■howlng    »    leS- 
dciicr  W  TeJDine 
like  S,.rbte. 

Dry«irf«*.^e«]7 

what  eleiated 
Blioie  tbeiurl'iiaiL 

aimlWtoPa.ta.rl- 
aiium,     but     Iba 

up  eyen   on    th«    ^H 
-all  or  tbe  lube.        ^H 

Whwlukiinwblcb 
tronghl  Inlo   room 

dcr. 

Ftuld    reualDi 

all  J,  under  ledi- 
menUtfon,  it  b.^ 
cone,  again  clear. 

or  tbe  cell)  of  Ike 

Shnrt    rodi     altb 

S.«";."'i; 

ehuina.  LonjroJi 
and  Ibrmd  formi 

Like  Baot.  aceU. 

Sliorl  rodi,  ainallT 

BUlnlng  with    [odln 
of  ilwmiicllaBinoiiB 

Koi>t>]l. 

Blue.      In    older 

blue  ataliiing  of 
lh-niMU.li.  only 
presented     Id 
jiliiw:     and     In 
■111!  older,  dead 

iln\y  abaent. 

Blue. 

•ffi'MStas 

YeIIo-. 

yellow. 

Yellow. 

We  gave  above  a  general  presentation  of  the  statemcnte 
of  Hansen,  the  most  succesatul  investigator  of  this  group, 
in  tabulated  form.     Literature:  I.afar  (C.  B.  L.  i,  p.  129); 
most  important  is  Hansen,   Recherches  sur  les  bact^riea 
ac^tifiantes  (Travaux  de  Carl8l»erg,  iii,  182,  and  C.  B.  L. 
1,31). 

All  three  forms  of  acetic  acid  bacteria  possess  a  wide 
range  of  forms,  depending  especially  upou  the.  \ksw^w 
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ature.     This  is  especially  marked  in  the  Bacterium  Paa 
teurianum,  according  to  Hansen, 

At  temperatures  below  tlie  optimum  of  S'l",  beautifuti 
chains  of  short  rods  are  formed;  at  higher  temperature 
the  short  links  grow  out  into  long  undivided  threads.    ThO" 
latter,  when  again  brought  to  a  temperature  of  34"  or  less,  I 
in  part  break  u])  into  new  short  rods,  and  in  part  presenll 
characteristic  bulging.     Also  the  bulging  structures  an 
gradually  changed,  at  least  partly,  under  elongation,  into'1 
short  rods,  yet  the  widest  pai1a  neverthelcas  disintegrate.  T 
According  to  Lafar,  moreover,  the  swollen  forms  are  partly  ' 
dependent  upon  the  action  of  acid. 

During  recent  years  an  entire  series  of  new  varietiee  with 
names  have  been  added  to  these  three  old  species,  which 
appear  to  be  very  difficult  to  tliiTerentiate.  (fbmpare  Hen- 
neberg,  C.  B.  L.  in,  223;  iv,  14,  67,  138,  and  933.)  Also 
Beijerinck  (C.  B.  L.  iv,  209)  and  his  pupil  Hoyer  (C.  B.  L. 
IV,  867)  have  made  surprising  new  communications 
regarding  acetic  acid  fungi.  Unfortunately,  according  to 
the  material  accessible  to  us,  the  description  of  the  mor- 
phologic peculiarities  leaves  much  to  be  desired. 

Beijerinck  calls  Hansen's  Bact.  aceti.  Bacterium  rancens 
Beijerinck,  and  regards  the  Bact.  Pasteurianum  (including 
Ktitsingianum)  as  a  variety.  Bacterium  ranceus  is  the 
bacterium  of  sour  beer.  Here  also  belong  Bact.  acetosum 
Henneberg  and  Bact.  oxydans  Henneberg.  The  true 
rapidly  forming  acetic  acid  bacterium,  which  Pasteur  first 
isoliite<i,  and  which  Beijerinck  now  calls  Bacterium  aceti 
Pasteur,  is  entirely  different  Hansen,  on  the  contrary, 
did  not  know  that  the  Th«rmobacterium  aceti  Zcitler 
belonged  here.  Finally,  Beijerinck  distinguished  a  Bac- 
terium xylinum. 

Their  recognition  may  perhaps  be  accomplished  by 
means  of  the  following  key: 

(A)  ViKorom  ^rawUi  forming  a  oovertng  in  a  mixtare  of  lAp-wnter 
too,  Kloohul  3,  ammonium  phosptute  0.06,  poUivtiuin  chliMil  0.01. 
Upon  beer  foriiiH  very  delicate  ooverinicH.  Very  Bli^ilit  growth  upon 
bnM^^latin,  hnt  very  Inxuriaiit,  sHinj  (tfowUi  upon  beer  gi'lutin 
wbfota  onnUina  \0  %  of  oane-sngnr.  Bacterium  aceti  Paahinr- 
fieiiorinck. 

f  B(  No  UTOwth  on  tie  alKivc  media.  Upon  betr  a  ytgoTtna  growth 
t  fonning  a  oaveriog. 


Bactenum 
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miiterial  sccreled  remnins  DnHtained 
iodiii.     Bacterium  rancenB  '  Beijprinok. 
(/))  The  secreted  alinie   ia   turned   blue   bj  iodi 
Pasteurianum  Hansen. 
(6)  Upon  gelatin,  dry,  tough,  leathery  mast ;  upon  beer,  there  ia 
At  Brst  a  slimy  and  thou  a  thick,  leathery  scum,  which  gives  the  rcao- 
liun  {or  oellnloHe.   Cnne-engar  influi^naes  the  loxniiance  of  (he  growth. 
Bacterium  xylinum  Brown. 

How  this  classification  will  stand  the  test  of  more  exact 
morphologic  inveetigation  remains  undecided.  In  the 
mean  time  the  Bact.  xylinum  shoiild  be  considered  as 
a  leukonoBtoc — i.  e.,  it  then  helongs  to  the  streptococci. 
Of  the  other  varieties,  which  are  repreeent«tl  as  non- 
niotiie  rods,  usually  motile  forms  are  also  observed.  The 
work  of  Hoyer  is  very  rich  in  biologic  detail  regarding 
the  nutrition  of  those  which  produce  acetic  acid,  etc. 


Bacterium  disciformans.     Zopf. 

Synonyms. — Bacillus  disoi  fun  nans  Zinim.  (ii,  p.  48), 
Bacillus  azureus  Zimiii.  (ii,  p.  24). 

Short  rods  (0.3-1.4  /i  long,  0.:t-0.-5  u  thick),  non-motile,  not  stained 
by  Gram's  method,  grows  hIbo  aa  an  anaerobe.  Upon  the  gelatin  plate  ; 
Very  young  deep  cnlonies,  rattier  conrBcly  panotate,  ronnd,  tntna- 
porent ;  snperEcial  colonies,  partly  1  ike  typical  young  typhoid  otUtorea 
(«spe>^llj  in  the  B.  azurens),  partly  somewhat  more  oompact,  re- 
ntmbling  more  the  oolnn  type.  Ttte  RUperfioinl  colonies  liquefy  after 
the  second  day,  when  there  is  frequently  seen  a  narrow  hair-iike 
zone.  The  aiasi  lying  on  the  bottom  of  the  plnle  is  a  little  denser  in 
the  disoifonnaiis  than  in  the  azDrens,  and  with  both  there  are  open 
Tlie  deep  colonies  later  present  little  tubercles,  and,  when 
they  oome  to  the  snifaop.,  liquefaction  and  ahaii^like  rim.  In  grialin 
ttai :  Funnel-  to  tube-«hBpeil  ligoefaction,  developing  rather  rapidly. 
Bouilltn:  very  clondy,  ahnndiuit  H^  and  a  little  indot  priMlnced. 
Upon  agar:  Dirty  white,  slimy,  luxuriant  growth.  The  agar  ia  ool- 
ered  brownish  lo  rosy  red.  Upon  potato:  Gmyish-yellow  to  reddish- 
hrown,  moderately  elevatr<1,  moist  growth.  (Irape-aniiBrisfBrmented, 
with  abundant  formation  of  gaa.  Milk  is  first  ooagulated,  then  again 
rendertti  fluid. 

'  We  fonnd  the  Bact.  ranrens  not  growing  very  rapidly  and  souie- 
whut  elevatiid  upon  solid  nutrient  media  widi  an  oily  gluHs.  No 
liquefaction  of  gelatin,  no  anaerobic  growth.  Grapc-sngir  ia  tet- 
menled,  with  fonoation  of  gas  and  odd. 
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Thlt  variety  oorresponds,  except  in  the  liquetactiou  ot  gelatin,  to  a 
Bttot.  lactia  aerdgenes. 

We  obloined  this  vtuiet;  twice  from  Zimmenniuui,  once  marked 
Boo.  disci formans,  the  secx>nd  time  Bao.  azarena.  The  vaHetiea  ooi 
Bpoiuli'd  in  no  way  with  the  deacription  wbiuh  Zimmemuuin  gave 
Uieni,  but,  on  the  ooatrM?,  the  two  were  ideatienl  even  in  thesm^est 
iletuiis. 


Bacterium  punctatum.     (Zimm.)     Lehm.  and 
Neuni.' 

Synonym. — BacilluB  ijunctatus  Zimm.  (i,  p.  38). 

Rhort  rods  (0.8  /i  lung,  0.!)  ^  thit'k),  oFten  also  forming  long  threes. 
Aotivelf  motile  from  one  polar  fl«^llam.     Not  Rtoined  by  Gram's 
method.     SuperGoial   colonies  ore   firet   roundmli,   Bmooth-bordered, 
traiLiporent,  punotat«   diskit ;  gniduallv   the   border  lieconies  flnelT- 
notched  and  Bnally  presents  l)eautifni  Imirj  border  (somewhat  like 
41,  V).     Bimnltaneonsly  liqnefaction  liegins  as  a  shallow  saoDer,  in 
which   the  rcninaiTt  of  the  colony  can  be  seen  at  the  center.     Tba    I 
border  of  the  saucer  is  surronnded  with  a  delicat*  graj-ieh-white  zone,    > 
Boiiietiiiies  prewnting  sinnons  itecorations.     The  gelatin  stAb  cultnra 
at  first  resemblea  cholera,  hut  liquefaction  rapidly  becomes  complete. 
Upon  0^)11  nud  potAto  the  growth  is  not  chaTacteristiii,  resembling 
tint  of  the  Bact.  coli.     Milk  is  congnlatcd  and  then  the  coognlnra  ia 
liqai'lied.     (irape-sngar  is  active);  ferniented,  with  prodnction  of  pu. 
Abundant   prodnction   of   H,B  and   little  of   indol.      According  to 
Krose,  this  orrauiism,  for  which  be  nnfortnnntely  PD(q;eflted  the  snper-   i 
flnooB  name  Bac.  aquatllis  conrniunis,  is  one  of  the  mont  oommi 
water   bncteria.     It  corresponds  to  a  Eoct.   fluorrMM;ns  without  t 
prodnction  of  pigment.     We  have  also  obtained  this  organism  very 
imgnently  from  water  (if  we  leave  oat  ot  consideration  the  ferment^ 
tion  of  ongar,  which  we  mrelj  tenbed],  and  also  have  ott«n  observed 
forms  which  were  oolorlMH  at  first  for  a  long  time  and  then  becnniA 
leebly  fluoreaoeut. 

We  found  the  Bacillus  annulatus  Kimmermann  (II,  p.  30)  yerj/  < 
dmilar  in  all  morpholoKic  and  biolngic  peculiarities;  neverthelm  it  w.  i 
very  well  Histinguishod  by  habitually  producing  liquefaction  in  gelatiil  1 
in  the  form  of  holes.  The  market!,  whit«  nocam illation  of  faoct  ' 
which  is  present  lieneath  the  nnderminwi  edges  of  the  colonies  in 
platit  culture,  the  colonies  louking  as  if  cut  out  by  a  punch,  gives  •  ! 
vety  striking  piotntc. 


Bacterium  vltulinum.     (Welssenberg.)     L.  and  N. 

Sliort,  rtHia,  motile,  nut  stniiiinj^  liy  Gmm's  metliixl,  re- 
'   scmbliiig  tli«  Bact.  coli.     Facultativp  anaorobe.     Yniing 
An  nrgunixm,  simihu'  in  every   wqy,  hnt  not  forming  gas  from 
ir,  wua  isoLited  by  ns  from  gaatrio  a  -' 


BACTERIUM  AGILE. 

gelatin  colonies  resemble  those  of  B.  coli;  then  there  soon 
occurs  a  liquffaction  of  the  siirromiding  medium  and  the 
growth  breaks  up  into  a  erunibly  inasB.  In  the  gelatin 
etab  there  is  marked  liquefaction,  at  first  funnel-shaped, 
then  cylindric.  The  content  of  the  funnel  is  very  cloudy, 
and  there  is  a  delicate  pellifle  on  top.  Rather  marked 
little  hairs,  directed  downwanl,  which  grow  out  into  the 
solid  gelatin  about  the  funnel  of  liquefaction  are  quite 
remarkable. 

Bouillon  very  cloudy,  with  a  delicate  pellicle.  Abundant 
HjSi  and  little  indol  are  produced.  Upon  agar  and  potato 
the  growth  is  nearly  the  same  as  that  of  the  B.  cofi;  the 
potato  culture  haa  a  very  putrid  odor.  Grape-sugar  is 
fermented,  with  abundant  gsis- formation,  and  milk  is  not 
coagulated. 

Determined  to  be  the  cause  of  a  dysentery  in  calvea  in 
Silesia  and  given  to  us  by  Weisaenberg. 

The  fonr  following  are  closely  related  to,  perhajH  identioal  wiUl, 
the  described  "  liquefying  varieties  of  B.  ooli,"  nod  are  known  to  ns 
through  the  daieriptiotia  only: 

Bacterium  fcetidum  liquefaciens.    (Tavel.j    L.  and  N. 

capeole  (vc 
1894). 

Gelatin  in  Mah  is  liqnelied,  nnd  has  it  atrong  fecal  odor.  Sukht  is 
fermented,  with  liberation  of  nrafltumonnt  of  gas.  Milk  isnotoongn- 
lated.     Bonillon  becomes  lurbid  and  a  pclliole  develops  upon  the  hut- 


Bacterium  cloac«.    (E.  O.  Jordan.)    Lehm.  and  Neum. 

ICompareTh. Muiith,  "The Fermentation Tulie,"  1^93,215.)  Snr- 
tace  growth  in  gelatin  is  thin,  with  a  nomewhat  irregular  outline. 
Abandant,  micharaateriotio,  yellowixh -white  growth  on  potato.  Ac- 
tively motile.  Very  nbundant  and  rapid  formation  of  gw  from  dei- 
tmae  itnd  xaocbaroee,  the  closed  etid  of  the  tt^nnenlatinn  (nbe  cuulain- 
ingrrom50;^  to  05%  (about  one- third  Hand  two-thirds  CO,).  Gas 
is  produced  moc«  slowl;  from  lactose.     Milk  is  coagolaled  in  eight 

Bacterium  agile  (Schou,  Plijgge).    Lehm.  and  Neum. 

Synonym. — Bacillus  pneunioiiicua  a^\\*  ¥Vvi^s; 
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Cause  o[  the  aepiratior 
FlugKe:  Mikro-or^niaiiie 
(C,  B.  H,  755), 


'53,  H 


Bacterium  pseudomelanosis.    P.  Ernst  (V.  A., 

p.  4'8). 

In  this  ntlatioattbip  belungs  the  iut^rostmg  oi^anisin 
which  Ernst  isolated  from  a  cose  of  pBeudomeluitOHis,  and 
FL'CDgnized  aa  the  cause  of  the  sarae.  About  the  bunches 
of  bacteria  there  lay  in  the  tissue  dark  green  deposits  of 
Bulphid  of  iron.  The  organism  produces  H^  very  actively, 
forms  gas  from  sugar,  liquefies  gelatin,  has  many  flagella 
and  no  sporiis,  and  is  not  utained  by  Gram's  method. 


Bacterium    salmonicida.      (Emmerich   and   Welbel.) 
Lehm.  and  Neum. 

BocillnH  oF  &  trout  epidemic  ot  Emmeriob  aud  Wdhel  {A.  R.  xxi). 

Ncm-motile,  ilmrt  rods,  more  rarely  longer  rods  and  threads,  not 
sbiined  hy  Gram's  methnd.  FocultAtive  unaerobe.  FtiUe  cullurra  m 
jrlatin  ■  Very  ;oun)j;  unltnres  resemble  those  ol  the  Htreptooooous;  theD 
they  sink  deep  into  the  gclAtin,  withont  real  [iqnefnctinn,  the  border 
o(  tbe  colony  becoming  irregular  and  notched.  Getalin  ifoi  ettilurei  at 
finit  also  resemble  those  of  the  Streptoooccua  pyogenes;  later  (after 
five  tfl  seven  days)  there  occurs  a  fnnnel-elutpetl,  steep-walled,  deep 
cavity  about  the  inocniation  line,  on  the  aides  and  at  the  bottom  of 
wliioli  are  delicate,  whitish  bacterial  inaasea.  Agar  »lab  culhtret 
present  flat,  moistly  shiainic,  irretsulnrly  ontlioed  growths  of  a  grayinh- 
yellow  color,  which  after  many  weeks  become  brown  in  the  center, 
and  Himultiinpously  the  upper  part  of  the  agar  is  disoolore<l  hrown. 
BotitUati  remains  clear,  only  near  the  top  a  delioate  olond  is  formed 
npon  the  glass  wall,  which,  apon  ^ntle  shaking,  sinks  very  slowly  to 
the  bottom  as  cloudy  Saket.  A  plentiful,  wliitisli  tiedimeut  graduallr 
o^leclM  at  the  bottom.  No  grovrth  upon  potato.  No  growth  at  'S7  ; 
o^mum  10''-15'*.     IVe  are  not  acquainted  with  it. 

Thoorganisni  woRCultivati^l  hyitsdisiwverers  from  trout  which  died 
bi  an  epidemic  in  upper  Bavaria.  Healthy  trout  were  killed  by  inaoo- 
lation  as  well  as  by  adding  the  organism  Ui  water.  The  {uincipal 
mnntonm  of  the  disenae  were:  at  places,  where  at  fiwt  tlierr  are  lentil- 
Mam  drfecb  in  Ihe  Bcaloi,  rnmnele-like  swellings  grodnnlly  develop; 
Uiim.  secondarily,  hrmnrrluwic,  HCtppu rating  areas  form.  The  orfnuiiam 
mu  abundant  in  the  dead  flsh,  especially  in  the  blood  of  the  heart. 
Um  following  otganism  is  very  similar: 


BACTEltlVlf  CKEMOWES. 


Bacillus  devorans  Zinnnermann  (i,  p.  46). 

locomotioD,  bat 


I 


Bacterium  turcosum.      (Zimm.  ji,  p.  33.)      Lehm. 
and  Meum. 

Very  smaU  rmta,  0.2-0,3/1  tliick  nni)  0.3-1.5^  long,  with  slng- 
:iah  movemeut,  which  ia  due  to  a  polar  UaKBllmn. 

Upon  gelatiD  plaUn:  Hmall,  intenae  tungaoiHe-^'ellow,  traoBpareot 
oolonios,  which  )i;nwlually  sink  into  the  gelatin;  miorotioopically,  8t^H^- 
tnrelesH  aiid  more  or  lesa  tisngpaivnt.  Tlie  growth  in  the  gelatin 
stab  oaltore  develops  slowly,  is  smooth,  roundiali,  of  an  intense  yellow 

Csing  into  a  greenish  eolor,  and  ainks  in  very  slowly,  withont  liqne- 
Uon.  The  agar  cultures  are  Biinilar,  Upon  potato:  souitjf,  green- 
ish-yeltow  dry  or  slightly  shining  growth.  In  bouillou  there  m  a  little 
turbidity,  withoot  formation  of  H^S  or  indol  worth  mentioning, 
Orope-sogar  is  not  perceptibly  uITeoted.     Milk  is  not  congulated. 

Isolated  by  Zimmermnnn  from  water.  In  examinations  of  prepu- 
tial secretion  we  have  twice  obtoiaed  coltores  which  comapond  to 
Zimraennanu's  original  one.  i 

Bacterium  cremoides  nobis  ad  interim.' 

Short  rods,  (1.5-0.8  /■  Uiiek,  0,8-1.6  /'  long,  non-motile,  etoiuing  by 
Gram's  method.  Gelatin  plate  ;  natural  size,  gray  to  grayiah-yellow 
disks:  magnified  (iOtimesthey  are  6  nely  granular,  later  opaque  and  non- 
liguPiying.  The  gelatin  stAb  is  not  otiaracteristic  ;  the  nnrfaoe  growth 
giidnally  beeomen  thick,  whitinh,  reddish,  or  on-am  wlored  and  has 
an  oily  lnat«r.  In  the  agar  itbtb  the  growth  has  a  moist  luster  and  is 
oream  colored.  The  water  of  condensation  is  clear  with  a  pellicle  and 
little  setliment.  Bouillon  iif  siniilar.  Little  indol  and  H^  are 
formed,  and  nn  gas  from  siigor.     Milk  is  not  eoagnluted. 

Obtained  from  the  tap-water  of  Wiirzbnrg, 

<  Bacterium  S}^xanthum  (Ehrenbergl  L.  and  N.  Ordinars  namr: 
Saeillvi  of  j/fUov  milk.  A<vordin|;  Mi  J.  Bchroter,  it  ia  characterized 
BB  follows :  Actively  mottle,  short,  thin  rods,  producing  a  yellow 
pigment,  which  is  readily  soluble  in  water,  but  not  at  alt  in  ether  and 
alcohol.  It  is  decolorized  by  acids,  bnt  the  ^llow  color  retuma  upon 
treating  with  alkalis.  Milk  in  colored  a  bnght  yellow,  the  casein  in 
diaaotved.  and  the  milk  becomen  alkaline.  The  culture  which  we 
obtained  from  Kr^I  poseessMl  no  motility,  olonded  the  bouillon,  and 
produced  a  prominent  pellicle;  coagnlatrd  milk,  with  formatioii  of 
acid;  formed  gua  from  grape-augar;  furnished  veiy  luxuriant,  moist, 
yetlowish-gray  growths,  resembling  those  of  the  B.  ooli  upon  agar  and 
gelatin,  without  I ii(Uef action,  anil  upon  potato  developed  m  a  light 
yellow,  mooh  elevated  growth  witli  a  fatty  luster.  Stains  by  Oram's 
metbod. 
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Bacterium  erythrogenes.     (Grotenfelt.)     Lehm.  and 
Neum. 

Barillua   laclU  ery'hro^rena  Orotentclt.      BociUos  <■(  red 
LiteralUTt:  GrotenTett  (Forlschritte  der  Mediz.,  18S9,  Til,  41)  and  A. 


Baginakj  (C.  B.  vi,  137). 


□-inutile,  short  rods.  0.1^3,0 /' long  and  0,5-1.0  ^i  thkik. 
)tj  Gram's  njetbiNl.  Upon  the  gelatiD  plate,  grayish-yellow,  roiuidish 
distot,  which  gradually  eink  into  the  gelatin  and  liquefy  it.  \^'hen 
maicnified  61)  times,  at  llrHt  both  the  ntperficial  ruid  deep  ralonies 
reaemble  very  mnch  those  of  the  Bact.  eoli;  later,  when  liquefaction 
begins,  the  bonier  of  the  colony,  now  having  become  opaqne,  Is 
beeet  with  Sne  haitm,  and  later  appears  irregalorly  mten  ODt  nod 
coomely  granular.  The  intensity  of  liijDcffictian  is  decidedly  variable 
in  diBerent  colonies.  Upon  the  gelatin  stub  there  develops  a  salphnr- 
yellow,  thick,  slowly  sinking  groivth;  later  tbe  lii|iietacition  is  cylin- 
dric.  The  sarfacc  j^wth  upon  a^ut  is  yellow  and  moist  A^r  and 
gelatin  (eepoctally  in  the  dark)  lM«ome  colored  intensely  rooe-red  to 
garnet.  Onr  cultures  also  did  so  in  difluse  daylight.  Aeoordii^  to 
Grotenfelt,  tlie  pigment  preiKUts  two  lines  between  D  and  E,  and  one 
in  the  blue  portion  of  Ihc  spuetrnm.  Polato  culture  i»  rnilpfaor-yellow, 
elevated,  partly  doll  anil  partly  moist.  The  oretun  sepuates  (rom 
milk  (cream,  yellow),  the  casein  tomu!  n  flnocnleDt  pmoipitate  (wlttt 
alkaline  reaction),  the  clear  semm  beooming  nxe-red.  No  gas  ]| 
formed  from  grape-Frngar.  From  bonilinn  there  is  formed  abnn*  * 
indol,  but  little  H^,  Our  description  ia  from  u  ciUtiiro  obtained 
Kt&l. 


Bacterium  helvoltim.     (Zimm.  1,  p.  5a.)      Lehm,  and  1 
Neum. 


n  magnified  DO  times :  homogeneous,  hardly  at  id 
tnUMpwrnt  in  the  middle,  clearer  ut  the  edges,  bonier  smooth,  Mi_ 
vrlth    begliining    liquefaction    the    aharp    border    ba»m«   aligk^l 
emmbly. 

Upon  the  icfilntin  sbtb  cnltnre  a  Inxuriant,  shining,  intense  leroi 

yellow  growth,  which  alowly  sinks  into  Uir  medium.  Agarcaltim!! 
Tellcnriiih.Kra,v,  moist.  Potato  en Ituro :  dnti,  hnMul,  tcreenldh-jrelloinJ 
Iloiilllnn  henimm  filoiiily,  with  a  delitnte  pellicle.  Abundant  (on 
tSoQ  of  K,H.  lint  none  of  indnl.  No  gos  in  fomii<d  from  g 
Milk  iaonucntalnl. 

We  ohtAlnnl  an  organ  ism  from  air  which  comflpondcd  exactly  wUb<f 
Bmmernuuin'i  dnvriplion.  Bacillus  luteus  ringgrnpix'atv  idrntinil,.  ■ 
uonnt  that  lii|upf action  is  alm-nt.  Alxo  the  fulloning  appear  verjr  I 
nloMity  ruhitiil ;  the  nou-lljui'tvitiK  Bac,  constrictus  ZimmerraiuiB  1 
'I,  p.  43}  and  the  Bac.  subHavus   Zimmermauu  (i,  P-  B^ 


1 


SACTEHIVM  NVBILVM. 


Bacterium    lactis   saponacei.     (Weigm.  and   Zirn.) 

Lehm.  and  Neum. 
As  the  Bacillus  lactis  saponacei,  Weigmatin  and  Zim 
(C.  B.  XV,  4B3)  have  descrilwd  a  short  rod,  which  in  gela- 
tin plates  forms  wliite  colonies  with  yellow  centers,  which 
later  Ijecome  yellow  tli  rough  out,  but  without  special 
markings.  Gradually  liquefaction  takes  place.  In  the 
gelatin  stab  a  funnel  forms,  at  the  bottom  of  wliich  lie 
yellow  Hoeculi.  In  the  agar  etab  the  luxuriant  growth  is 
yellow  in  the  center  only  at  first,  then  throughout  the 
whole  growth.  Upon  potato  a  waxy-yellow,  elimy  growth. 
Milk  is  not  coagulated,  but  becomes  slimy  and  slightly 
tenacious.  The  culture  has  an  odor  like  soap  or  lye. 
Optinjuin  at  10".  Regarding  soapy  milk,  the  lirst  com- 
munication was  by  Herz,  Cli.  Zeit.  Rep.,  1892,  page 
34. 


Bacterium  nubilum.     (P.  and  C.  Frankland.    Z.  H.  vi, 
p.  386.)     Lehm.  and  Neum. 

Non-motile  short  rods,  1-3 /i  lont;,  0,3-0.5  c  thick,  stainint;  bj 
Oram's  njethfirt.  Thi'  oolonira  on  tie  (feliitiu  plal*  preapnt  beautital, 
polymorphous  fornix.  In  tlic  yonnm-r  ulnjii-  lliej"  nre  yellowiah,  of  ir- 
regalar  formti,  ajid  imniilnl  «iih  niiiiij  ilii<>U  and  ihiii  Interal  out- 
growths, Blmilnr  t'l  mili^  in  >.|i;i|«L-.     Tlir-  iiupi,-  ciitiiimct  lindens  at  tlio 

center  uradnnlly  di^iiii|..-:ii--,  vhilt-    Of  \'f]<'i-i]..i]>  Iikhiup  iirrangEd 

more  in  the  forni  of  a  -im.     N'i>\  I  I'linfiii'iii S  <lie  jiclutiii  lie^iu. 

The  peripheiy  of  the  (wiluiij  slim  U  iliiwiUiH  into  dilioale  little /rag- 
mentu,  and  io  tiic  fluid  coiitt-nis  of  the  wiueix  of  Hijucructioii  there 
remains  a  framework  of  radiating  threads,  which  later  hocome  ar- 
ranicpd  like  the  H|K>kes  of  n  wheel.  Finally  Che  entire  colony  lireakB  up 
into  iireirala''  fni«mcnt8.  Mncmeatpicallj  the  colony  does  not  appear 
anlike  that  of  the  Boo.  snbtilis.  In  the  gehitin  stiib  the  growth  sinks 
in,  with  the  form  of  a  wmoer,  and  then  eyiindric  liqaefaotion  occure. 
The  liqnefled  zone  is  slightly  clondy.  The  m^wth  upon  ogST  iH  jogged, 
nndnlating,  fairly  InxnTiant;  in  the  c«nter,  pnle  rose  color;  at  the 
ediiea,  yellowish-brown,  with  a  fatty  luster,  The  water  of  condensa- 
tion is  clear  with  a  yellowish-browii  sediment.  Tlie  growth  upon  po- 
tato is  &t  first  entirely  reddish- white,  faintly  shining  to  dry;  later  it 
becomes  intensely  browniab-yellow.  Milk  is  not  ootm^latcd.  and  is 
ribiline  in  reaction.  No  gns  is  formed  from  grape-sngar.  It  forms 
bnt  little  indol.  Bonillon  becomes  cloudy.  laiilat«d  by  Zimmermonn 
from  water  (i,  p.  28).  Our  description  is  from  one  of  Zimmermann's 
onl  tares. 
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Bacterium  ochraceum.      (Zimmermann,  i,  p.  60.) 
Lehm.  and  Neum. 

tihort  ruda,  0.5-0.(1 /i  Uik^k,  1.2-3.6/'  luug,  actively  moltle  (rum 
potar  fluf^ella,  ataiiiing  by  Unuii'a  nu-'tlwd.  G«lAtia  plates  at  firat  pre- 
terA  forms  like  tliose  of  the  Boot,  ooli  and  ^rphi;  later  Q\e  bonlen  are 
fringed,  while  the  gelatin  beooTue«liqai.'fiecl.  Pellicles  varying  inoolor 
fram  gmy  to  grayisb'yellow  Buulupou  the  UqneGed  medium,  and  tiiey 
niay  l)e  w  a  tonglier  or  more  delicate  chjuacter.  Ttye  mora  ilelicnte 
p^lliclea  often  appear  as  a  net  tritli  irregolur  meshefl.  The  gela- 
tin Btab  cnltare  presents  a  ;cIlnwUh-gm^  nurfai.'a  growth,  but  it  sinks 
in  at  once.  l«ter  there  itf  a  eyiindnc,  turbid  liquefaction,  with 
grajiah-yellow  sediment.  The  agar  growth  is  dirty,  light  giayi^- 
yellow,  then  sprewls  out.  The  water  of  condensation  is  otear,  with 
moderate  precipitate.  Bouillon  bcoi>mes  tightly  cloudy,  with  moder- 
ate sediment  and  slight  pt'lliele.  [ndol  and  H,B  are  formed  in  abnn- 
danoe.  Milk  is  not  cnaKnlated,  and  becomes  somewhat  slimy.  No  gas 
ia  furmM  from  Kfnpe-sufBir.     The  growth  on  potato  is  yellowish. 

Tbb  oi^taniaui.  iaiilat^'d  by  us  from  (gistrio  oontenls,  eoiresponds  in 
all  the  main  points  with  Zimmermann's  description.  We  iBolaled  a 
*  very  umilar  but  non-motile  bacillus  from  Secale  oornntnm.  From 
thiswe cannot  diatingnishaBacillusplicatuB  Zimm.  |i.  p,  54),whiob 
we  obtuned  from  Ziniineniiann,  hut  it  did  not  form  Folds  any  mora. 
Also  Bacterium  camosum  {Tils.  Zimmennann.  II,  p.  4)  is  rely 
closely  related.  We  were  nnnble  to  find  the  H|inn«,  seen  by  TiU  ; 
also,  the  oolof  of  the  ciiitarf  iihtnineit  from  Ziiuniemiuiin  could  not  be 
distinguished  from  dint  of  the  Biict.  ochmceuiu. 


Bacterium  fulvum.     (Zimmermann.)     L.  and  N. 

Rods,  0.3-0.&  fi  thick,  with  a  lengl^h  varying  from  1.0  /» 

o  long  threads.     Non-motite,   without  flagella,   sUiniug 

k>y  Oram's  method,  Bometiraea  liquefying,  snniotimes  not 

.  OdoHn piiilrii :  Shining,orange-ye]lowcoloniefl,8ometime8 

lore  drnp-likp,  sometimes  more  aprendlng,  with  modi-rHte 

10  liquetnotion.     The  non-liquefying,  supt-rfidal  oolo- 

,  when  mafinificd  00  times,  are  at  first  vpry  much  like 

te  of  Bact.  coli;  tiiey  are  irregularly  mimdish  to  leaf- 

h^wd,    somewhat    transparent,   grayish -yellow,    homo- 

aeous,  oflen  having  furrows  and  markin^^  resembling 

a  Bact.  cidi.     The  liquefying  colonies  present  an  essen- 

iDy  different  ajipcarance:  The  yellow,  superficial  disks 

^ve  a  threadiHi  horder  resembling  subtilia  (compare  40, 

"^     later  the  colonies  break   up  into  a  crumbly  mosa 

'  'a  Ues  at  the  bottom  of  the  liquid. 


BArTERICM   FULVUil. 

In  the  gelatin  aiab  there  is  uo  sinking  growUi.  The  eur- 
fiice  growth  is  leather-hrown  to  orange  aiid  reddish-orange. 
Whtn  liquefaction  ocL'ura,  there  is  tormi?d  a  funnel,  filled 
with  turbid  fluid  ;  later  (he  liquefaction  beeame  cylindric 
and  sometimes  there  ie  a  pellicle. 

Agar  staft  .■  Succulent  orai^e-yellow  to  yellowish  brown- 
ish-red. (Compare,  for  example,  5,  v.)  PuUito  grmoOt  is 
the  same, 

Milk :  It  is  not  coagulated,  but  both  of  our  liquefying 
changed  it  into  a  yellowiBh  turbid  fluid,  with  an 
orange  sediment,  upon  which  the  yellowish  cream  floated. 
A  non-liquefying  form  coagulated  milk  (original  culture 
of  Bact.  tremelloides  Schottelius).  No  gas  is  formed  from 
sug:ar.  Little  indol  and  no  H  jS  are  produced.  Found  by 
us  in  water  and  milk. 

We  consider  that  the  following  varieties,  which  we  have 
ourselves  investigated,  belong  here  :  Bacterium  bruneum 
Schroter,  which  we  obtained  from  A.  Fischer ;  Bacterium 
tremelloides  Schottelius,  obtained  from  the  discoverer 
himself.  Tlie  description  of  Zinimermann's  Bacillus 
fuscus  Fliigge  corresponds  completely. ' 

The  Bacterium  mycoides  roseum  Scholl  appears 
vrrv  closely  related,  although  deviating  somewhat  in  color 
(Fort,  d,  Med.,  vn,  46). 

What  we  obtained  from  Ilauser  as  Bacillus  arbores- 
cens  Frankland  is  also  the  same,  and  neither  corresponds 
with  Frankland's  original  description  (Z.  H.  vr,  379)  nor 
with  that  of  Zimmennann,  Tlie  deviation  from  Frank- 
land  consists  in  the  loss  of  liquefaction  (absence  of  bun- 
dles); in  Zimraennann's  description  it  is  said  not  to  stain 
by  Gram's  method.  We  have  never  been  certainly  con- 
vinced regarding  motility,  and  so  far  have  been  unable  to 
stain  flagella. 


'  Tbe  deociriptioii  kivbii  by  Scliroter  himself  of  hiH  Bact.  bruneum 
oorrasponds  very  poorly,  ua  dace  the  rtesoriplion  of  FIfl|Q[e  of  his  Bncil- 
Ilia  fnacuB.  Tlierefore  we  seli'ct  the  oldest  of  the  newer  nameH,  wbioh 
ii>i<baiaoteri9tic,  and  tbe  deecriptioa  of  which  oorresponds  well  with 
OUT  cal  tores. 
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Bacterium  chrys<^(Ea.     Zopf.i 

According  to  Zi  in  merman  n's  deecription  (n,  p.  12),  it 
only  distinguished  from  tlie  preceding  by  active  motality. 
We  found  in  gastric  contents  an  exactly  corresponding 
form  with  peritrichoos  Sagella  and  active  motility,  nhicb 
atoned  bv  Gram's  method.  Chrysoglcea  and  fulvum  may 
be  related,  iis  Forma  mobilis  and  iiiimobilis.    Proof  is  stiU 

Bacterium  lateridum.     (Adametz.)     Lehm.  ai 
Neum. 

(Plate  20,  l-vi.) 

Short  nid*,  soniewhiit  puint«d  ut  both  ends  (0.8-1. 6/i  long,  II 
fi  thick),  Don-raotile,  and  ataintil  by  Gnun's  method.     Upon  theg 

Atin  piste  the  deep  colonies  appcnr  as  rouiKliah,  reddieh-brown,  a 

disks  with  smooth  edKm.     The  deep  ones  ore  joiq^,  sinnona,     ._ 
patvnC  at  the  i-d^e,  vei^-  crnnility,  aud  n.-ddieh  (30,  111).     In  tbe  ■ 
atin  stab  no  liijueliiotion  occura,  the  surface  growlh  is  from  venn 
to  reddish-broWD  (liU,  lli.     The  growth  n|>OD  the  n^jar  streak  it 
aume  (30,  I)-     Thu  ictowUi  Dpon  tht^  uf^r  plnte  is  not  mpecially  tA 
BCtcristio;  round  disks,  amrBelj  crnnibly,  liuriirr  gninulnr,  iind  in 
derp  ones  suitiuth  |20,  v).     Upon  potato  the  lui-leriiun  )^wbti 
aluwly  only  and  verysnuitilj  (*iO.  iv|.    Boaillon  remains  clear, 
is  not  <xiagul'>t^-     Neither  gns  nor  acid  is  formed  from  eagu.     _ 
H,i^.  and  only  tnicmof  indol  an?  fonocd.     Isolatol  by  usfromlbeM 
Tfi^ndH,  M  tar  as  can  lie  judfted  from  Eisenberic  with  tbe  dcaeril 
n  ot  Adnruetz.    The  orgnnisni  does  not  belong  here,  acoording  to  n 
tnnti  rrlntiunship,  hut  more  pmperly  nilh  the  Bart,  acidi  laot'  ' 
^tiano  luis  deacrilicd  two  other  bacilli,  which  are  motile,  U 
'j  provided  with  fln^llo,  jmxliioe  red  pigment,  and  do  not  p 
M;   Bac.   rubiginosua   luid  coccineus  (Cobn's  Beitr.,   Bd.  ' 
B,  H.  in,  5:(7).     We  could  not  sludj-  thiae. 

■■cterlum  prodigiosurn.     (Ehrenberg.)     Lehm.  and  i 
Neum. 

(Ptnlea  'Jl  and  iM.») 

Synonyms. — Monas  prodigiosa  Ehrenboi^,  Micro 
IB  lirodigiosus  Cohn,  Bacillus  prodigiosus  Flti^e. 

'  Mignla  pincrfl  Bact.  cbrysogleea  trith  the  non-motile  vi„ 
d  i)««i((nnlea  Bad,  Bureum  Frnnkland,  Bad.  aureBcens  I 
Idi  ami  Bact.  cgiegium  Zo|tf  lut  closely  relate<l. 

'Tbe  plate  dmwD  for  Buut,  kilienae  has  forms  which  also  o 
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Microscopic  Appearance. — From  siilid  uutrient  t 
(lia,  very  short  bacilli,  often  looking  like  cocci.  The  enda 
are  Boniewhat  pointed  or  rounded.  The  greatest  diameter 
IB  1  ^  (21,  XI ;  22,  ix).  In  bouillon,  especially  if  it  is 
faintly  acid,  there  occur  longer  forms,  distinct  rods,  and 
shorter  and  longer  threads. 

Motility. — In  young  bouillon  cultures  there  is  active 
motion,  produced  by  from  6  to  8  long,  peritrichous  flagella 
(21,  KD  ;  22,  xi).  On  the  contrary,  older  agar  and 
potato  cultures  appear  non-motile,  and  in  them  the  bacil- 
lus produces  abundant  slimy  material,  which  limits  mo- 
tion. Scheurlen  attributes  the  mucous  tormation  to  the 
abundant  production  of  alkali. 

Staining  Properties. —  Eiisily  stained,  but  not  by 
Gram's  method. 

Relation  to  Oxygen.  —  Facultative  anaerobe;  grows 
better  as  an  aerobe.  Also  as  an  anaerobe  it  liquefies  gelatin 
(also  with  the  addition  of  2  per  cent,  sugar),  but  forms 
no  pigment. 

Requirements  as  Regards  Temperature  and  Com- 
position of  Nutrient  Media. — 0|>timum  at  22°- 
the  incubator,  espcrially  at  S.^S^-SS",  the  formation  of  pig- 
ment is  eu-spcndiid.  A  more  prolonged  cultivation  at  a 
higher  temperature  permanently  lessens  the  formation  of 
pigment. '  It  grows  also,  with  production  of  pigment, 
upon  non-albuminous  nutrient  media. 

Gelatin  Plate. — («)  Nalvml  mze :  At  first  the  super- 
ficial colony  is  a  grayish-white  point,  and  the  gelatin  is 
liquefied  at  once.  The  area  of  liquefaction  is  shaped  like 
a  plate.  The  peripheral  zone  is  lighter  tlian  the  central 
zone.    Original  colonies  are  often  colored  reddish,  but  often 

otb  arc  iilentical  (c-ompiire  p. 

'  It  may  be  hete  remarkal  that,  without  known  cotwe,  rfiromo- 
geneais  bj  the  Bact,  prodiEiosum  U  often  muuh  reilncvil.  As  is  iiften 
Been,  of  20  cattarf^  mnde  at  the  same  time  and  from  the  sane  oriin- 
fnn  the  same  nutrient  media,  many  form  pi^ent  ahnndnntly 
y  (eeblj.  Also,  npon  plates  fainter  and  more  deeply 
colored  colonies  always  occur  side  by  side. 


i 
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they  remain  white  and  disappear  with  the  increasing  size 
of  the  area  of  liquefaction.  Thus  the  paler  zone  disap- 
peara.and  the  entire  li(iuefied  area  becomes  colored  uni- 
formly gray  (21,  vm  ;  22,  m). 

(6)  Magnified  seventy  limes :  Superficial  colonies,  at  first 
delicate,  granular,  roundish,  with  a  smooth  border  ;  later 
the  central  none  is  colored  rosy  red,  is  delicately  crumbly, 
and  Bometimes  has  a  faint  suggestion  of  streaking.  Tho 
peripheral  zone  consists  of  continuous  little  tufts  of  hairs, 
which  terminate  externally  in  very  fine  poiuts  (21,  vu ; 
22,  iv).  Besides  this  form,  there  are  often  atypical  ones 
with  a  brownish  center,  the  separate  zones  being  lost,  and 
the  whole  colony  appearing  covered  with  extremely  deli- 
cate hairs.  One  form  passes  into  the  other.  The  deep 
colonies  are  uncharacteristic,  yellowish -brown,  granular, 
whetBtone-shaped. 

Gelatin  Stab. — After  six  hours  liquefaction  begins 
at  the  surface  of  the  gelatin  in  a,  saucer  shape.  The 
liquefaction  extends  along  the  stab  canal,  forms  a  tube- 
or  cone-shaped  funnel,  and  continues  to  possess  a  funnel 
form  in  the  advanced  stage.  Only  after  a  very  long 
time  does  the  liquefaction  become  cylindrio.  The  funn^ 
of  liquefaction  is  filled  with  whitish  or  rose-red  flocculi, 
among  which  more  deeply  stained  clumps  are  swimtnina. 
When  liquefaction  has  advanced  very  far,  a  cloudy,  red- 
dish to  deep  red  precipitate  is  at  the  bottom  and  the 
supernatant  fluid  remains  red.  When  the  culture  grows 
atypically,  no  red  color  is  seen.  The  form  of  the  funnel 
of  liquefaction  is  most  variable  (21,  i;  22,  ii). 

Agar    Plate. — (n)  Natural  size:  The  colonies  appear 

as  minutf  red  points  even  after  thirty-six  hours.     Ibobb 

lying  upon  tiie  surface  increase  in  size  perceptibly  Mid 

p  tecome  colored  from  rose-red  to  dark  red.    Also,  un colored 

I  colonies  occur  together  with  these.    They  are  irregularly 

L  roundish,  sometimes  lohed,  often  with  alternating  paler 

Land  darker  zones  and   distinct  cloudv  center   (21,   v; 

T2,  VI). 

(6)  Magnipfd  seventy  thnen:  Both  the  deep  and  suiterficiol 

L  oolonies  at  first  are  roundish,  of  irregular  form,  pale  yel- 

I  low  with  sini>oth  border.      Ijil«'r  the  ileep  colonies  take  on 

I  brownish  color  with  a  reddish  luster  the  border  remaiii- 
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^B  ing  smooth  and  the  etnicture  coarsely  granular.     On  the 
^H  contrary,  ihc   superficifil   colonies   are  transparent,   pale 
^H  rose-red  to  rt-d,  very  finely  punctated,  with  borders  almost 
^B  or  entirely  BWHXtth  (21,  vi;  22,  vu). 
^B       Agar  Stab. — Stub:  Thread-like,  without  nodules,  white 
^f  to  reddish.     After  keeping  longer,  a  whitish  cloudy  zone 
forms  about  the  stab  canal  (21,  m).     Surface  grmi^th :  Al- 
ready after  forty-eight  hours  completely  covered  with  a 
smooth,  shining  growth,  the  color  of  which  varies  from 
atypical  white  to  typical   purple  (21,  rv).     Often  it  is 
whitish- gray,  shaded  with  red.     The  agar,  especially  be- 
neath   the    surface  growth,   after  a  hjiiger  time    liecomes 
colored  a  garnet- red. 

Agar  Streak. — ^The  growth  remains  limited  to  the 
Etreak;  compare  agar  stsib.  The  water  of  condensation 
presents  a  reddish  cloud  with  a  red  sediment  (21,  ii: 
22,  I). 

I  Bouillon  Culture. — Diffuse,  marked  turbidity,  with  "a 
more  or  less  red-colored,  delicate  pellicle  upon  the  surface. 
^he  bouillon  becomes  of  a  gelatinous  or  oily  consistency. 
Milk  Culture. — After  twenty-tour  hours  it  is  firmly 
coagulated;  later  the  coagulum  is  dissolved  and  a  yellow- 
ifih  rolnr  produced. 
Potato  Culture. — At  first  a  rosy  red,  moist,  flat  growth, 
limited  to  the  inoculation  streak.  Later  it  becomes  darker 
in  color,  is  elevated,  with  a  wavy,  smooth  lx»rder,  and  after 
five  or  six  days  has  attained  its  dark  purple  color  (21,  iX; 
22,  x).  Sometimes  the  surface  then  exhibits  a  greenish- 
golden  reflex,  similar  to  dry  fuchain.  Also  the  potato 
culture  develops  atypically  at  times,  as  docs  that  upon 
agar,  and  becomes  only  whitish-gray,  orange,  or  roae-red, 
,  instead  of  dark  red  (21,  x). 
Chemical  Activities. — 

(a)  The  red  pigment  (prodigiosin):  Develops  best  upon 
agar  and  potato,  is  insoluble  in  water,  and  only  externally 
in  color  and  golden  luster  is  it  like  fuchsin  ;  according  to 
Bcheurlea,  it  is  apparently  also  free  from  nitrogen  besides 
containing  no  sulphur  nor  phosphorus.  The  pigment  is 
readily  soluble  in  alcohol  and  ether,  is  turned  orange-yellow 
I  by  alkalis,  and  from  cavmine  to  violet-red  by  acids.  With 
I  nnc  and  hydrochloric  acid  the  pigment,  "QoW\'Cc\%\as\'&».%  J 
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contrary  Etatements,  m  decolorized,  as  are  all  red  pigmcsU 
of  this  group.     Iti   light  it  fades  rapidly  as  well  ^  ' 
dry  as  when  in  solution.    The  pigment,  epcctroscopically, 
is  sharply  characterized;   more  detailed   communications  ] 
thereon  will  soon  follow  from  this  laboratory, 

(6)  Olfactory  and  gusijible  niatt^rials:  Especially  upon  ■" 
potato  it  forms  nicthylamin  and  ammonia.  According  to  ] 
Schotteliua,  the  odor  is  proportional  to  the  pigment  pro-  I 
duction,  but  we  found  also  colorless  cultures  with  a  marked  | 
odor,  as  of  herring. 

(c)  Production  of  gas  and  acid  from  grape-sugar:  Fairly  J 
Bctive,  according  to  Schotteliut^  and  other  authors;  on  tha  ] 
contrary,  our  prodigiosura  culture  formed  acid  without  I 
gas  (but  our  kiliense  formed  gas).  A  prodigiosnm  iso-  . 
lated  by  Cramer  from  the  tap-water  of  Heidelberg  also 
formed  no  gas.  Scheurlen  demonstrated  the  production 
of  formic  and  succinic  acids. 

(d)  Urea  is  converted  into  carbonate  of  ammonia,  but 
not  by  all  cultures. 

(«)  Traces  of  indol,  no  H^. 

Distribution. — Upon  cooked  potatoes,  moist  bread, 
paste,  especially  upon  starchy  suljstances,  occurring  epi- 
demically often,  especially  in  the  late  summer  and  autumn. 
(Compare  Scheurlen.)  Cause  of  the  "bleeding  host" 
Sometimes  found  in  water-pipes. 

Pathogenic  Significance. — If  injected  alone,  is  not 
pathogenic,  but  may  be  when  i»mbincd  with  other  bac- 
teria. The  proteins  of  the  pnidigioaum  have  been  studied 
many  times  and  found  to  be  polsomnis. 


ith  or  Closely  Related  to  the  Bact. 


Varieties  Identical  > 
prodlgiosum. 

Bacterium    kiliense.     (Fischer  and  Breunig.) 

and  N. 


'      Ctenpare  Kieler  Wa«ierlHicjl1iu<.  Brrnnie,  Diwertntinn,  Kii'l,  I88A. 
Xmrant  (A.  P.,  1890,  465;  f.  B.  ix.  1115). 

The  culture  whioh  we  ai^ed  for  ]>repnriiit(  illiutnitioiui  [I'lat«  39) 
li  diatingniahed  from  the  Boct  pmligicnnm  (Plate  31)  by  more  ot  »  i 


BACTERIUM   f'lOLACEUif. 


277 


briok-red  or  oiw^ce-ml  color.  Thia,  hovrever,  ncsordinf;  do  our  more 
reo«n(  uliaervaCiohs,  ifl  not  ooiuIildC;  proilijKiiwuni  niuy  Kmvi  with 
oran^.  and  kilieime  with  blaisb-rvd  oolur.  Thi*  fornviticm  i>I  ftlkoli 
ill  moet  JniportAiit  as  b>  the  color;  with  abandant  iirodnction  ot  ulkidi 
it  i»  yellowish-red;  in  other  cases,  bliiiah-red.  We  also  found  to  be 
alisolutelj  idenlbca!  Bacterium  miniaceura  '  (Ziminennann,  L.  and 
N. )  and  the  Bacterium  indicum  ( Koch,  L.  and  N.  ],  isolated  by  Koch 
From  ai>  Indian  monkey,  of  ivhich  we  obtained  beautiful  red  cqUutm 
from  Kril  and  carefully  studied  theni. 

It  is  very  probable  that  these  are  also  idenHcal: 

Bacterium  of  red  pua  Furohmin.  {C.  B.  sill,  103),  which  diSera  ia 
being  non-iuotile  and  staining  by  Gram's  method. 

Red  water -bacillus  LuKtig  (C.  B.  VIII,  33^ 

Bacterium  plyrouthicuca  Fischer.  (L.  and  N.)  Compare  Voge« 
(C.  B.  XIV,  301 1. 

Bacillus  fuchainus  Boekhout  and  Otto  de  Triea  (C.  B.  L.  IT, 
407). 

Tlie  following  is,  at  any  mle,  closely  related. 

Bacterium  piscatorum.     Lehm.  and  Neum. 

Microbe  roujie  de  la  tardine  ai  the  French.  Causes,  in  combination 
with  an  anaerobic  bacillus,  panaritluiii  in  Qshermen,  ap]urently 
origiuatinB  in  spoiled  bait.  In  boxes  of  sHrdinra  it  canses  a  red  color 
iDuBoia  Saint  Severin,  A.  P.,  imi,  152).  The  pigment  is  soluble  in 
water!?),  usually  poorly  developed  upon  agar,  and  is  produced  at  37°- 
39°.  More  extensive  studies  are  raquiried  to  eulabliah  the  oonstancj  el 
these  ohomcteriatics. 


Bacterium  violaceum.     {J.  Schroter.) 

I  Plate  Si.) 


L.  and  N." 


Synonym. — Cnrnpare  paf^  279.  Bact  janthinum  Zcipt. 
Sclirot(.T'3  name  is  nl'Icr. 

Microscopic  Appearance. — Thin  rods,  1.6-5/<  long, 
0.5-0.8^1  thick,  with  rounded  ends;  the  smalk'st  are  often 
oval;  sometimes  threads  form.  In  the  interior  unstained 
areas  sometimes  remind  one  of  chicken  cholera. 

'  What  -we  oblAinvd  from  Krdl  as  Bac.  rosaceus  metalloidea 
Dowdeswell  is  entirely  different.  We  havecnllrd  this  Bact.  roEaceum, 
and  found  it  to  be  a  fine,  xmnll,  motile  rod.  which  something  grows 
lihe  the  Bact.  ooli  on  ordinary  iriedia,  but  with  a  brick-red  oolor. 
Thepipnent  is  not  prodigioain.  Milk  and  bouillon  present  briok-rrd 
pollieles.  No  gas  is  formed  from  grape-sugar.  MiJk  is  notcaagnlat«d. 
Not  ftitined  by  Gram's  method. 

'  Twioe  in  cultures,  a«"rcling  to  Mignla's  method,  npon  quince- 
juice  wehaveaeen  pictures  which  niaj  have  beem«^oKs. 
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Motility. — Active,  serpentine  motion.  We  found  th< 
flagella  to  be  sonielimes  peritrichoua  (3-4,  long,  tortuoiu)^ 
sometimes  polar  (1-2)  (23,  XI  and  xn). 

Staining  Properties. — Stains  by  Gram's  method. 

Growth  is  nioikrately  rapid,  and  best  at  ordinary  tei 
peniture. 

Gelatin    Plate. — Xalurnl  gke:  At  firet,   small,   yelloir 
]>uints,  later  violet.     If  the  liquefaction  is  rapid,  then  there 
is  a  gray  saucer-shaped  depression  with  violet,  alteniating 
concentric  rings  (23,  vii).    Where  colonies  do  not  liquefy, 
or  do  so  late,  they  appear  as  lobulated,  fringed,  shining, 
yellowish  to  violet  growths  (compare  23,  viii).    Magnifi 
stxty  times :  In  both  weakly  and  actively  liquefying  colonii 
they  almost  always  at  first  resemble  those  of  the  typhoid^ 
When  sunken  in,  the  colonies  become  crumbly,  have 
streaked  peripheral  zone  consisting  of  little  halts, 
finally  disintegrate  into  crumbly  niiisses  (23,  vm).     Col< 
nies  whieh  liquefy  very  late  are  internally  of  a  darket, 
yellow,  finally  bluish  color  and  opaque,  with  a  crumbi 
structure. 

Gelatin  Stab. — In  freshly  isolated  varieties  the  liqne'' 
faction  iJter  two  or  three  days  is  funnel-shaped;  and  alon( 
the  stab  canal,  tube-shaped.  The  contents  of  the  funnel 
are  grayish-violet  with  colored  fragments  (23,  i).  After 
longer  cultivation  (as  in  our  culture,  after  two  years) 
liquefaction  is  almost  entirely  lost.  The  surface  growA 
now  is  shining,  lobulntcd.  dirty  yellow  to  violet.  OnJn 
after  two  to  three  months  is  there  a  very  shallow  saucer-] 
shaped  depression.  1 

Agar  Culture. — Moist,  shining,  somewhat  elevated,  <m 
the  same  color  us  the  colonies  upon  gelatin.  In  the  plat^ 
when  slightly  magnified,  tlie  colonics  resemble  those  ofl 
the  Biiel.  loli,  and  are  yellowish-gray  and  faintly  granuliH 
(23,  V). 

Potato  Culture. — Wavy,  somewhat  elevated  growth^ 
moist,    shilling,    violet  to  violet-black.      Wo  have  aloaj 
I  obeerved,  in  numerous  potato   cultures,  dirty   yellow  to.! 
I  brow nisli- green  growths,  resembling  those  of   Bact.  colfJ 
I  and  fluorescens  (23,  x).  ] 

I       Bouillon. — Faintly  or  strongly  turbid,  sometimes  pro-J 
Tided  witli  a  thick,  sometimes  with  a  delicate  pellicle.    loi 
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Ri  cases  the  pellicle  may  assume  a  pale 
— In  some  cases  it  is  coagulated,  but  it  usually  re- 
mains Huid  and  is  violet  in  color,  at  least  forms  a  violet 
cream  layer. 

Chemical  Activities.— In  grape-sugar  bouillon  there 

tis  formed  little  acid  and  no  gaa.  It  produces  abundant 
H,8  and  a  moderate  amo\mt  of  indol. 
Regarding  the  pigment  (janthin),  see  page  67. 
From  the  one  just  described  we  are  unable  to  dis- 
tinguish, by  any  peculiarities  worth  mentioning,  the 
Bacterium  janthinum  Zopf  (Sweden  and  America), 
obbiined  from  Zimmermann,  and  a  similarly  named  bac- 
terium from  KrSl,  and  a  bacterium  Isolated  during  the 
I  summer  of  1894  from  the  well  of  the  local  fort. 
A  beautiful  cbromogenic  culture  obtained  in  1898  from 
Hohni  (Prague)  corresponda  entirely  with  llio  description 
except  that  the  liquefaction  was  prominently  punched-out 
in  appearance  and  it  did  not  stain  by  Gram's  method. 
Also,  it  seems  to  us,  from  a  study  of  the  literature,  that  it 
is  scarcely  possible  to  differentiate  a  Bacillus  violaceus 
Laurentius  (Lustig,  p.  103  i,  rnltiviit^'d  from  the  water  of  a 
filter  basin  of  Lawrence,  a  Bacillus  violaceus  Mac4(Ann. 
d'hygiSne,  1887),  and  the  Bacillus  violaceus  (Lustig,  p. 
75),  from  tap-water  of  Berlin  ;ind  London.  The  latter, 
according  to  Voges,  is  identical  with  the  Bacillus  lividus 
I  of  Pla^e  and  Proskauer  (Z.  H.  n,  463),  except  that  the 
latter  is  differentiated  from  the  violaceum  by  growing  less 
well  upon  potato  and  by  rapid  liquefaction.  All  these 
characteriaticB,  as  follows  from  what  has  already  been  said, 
are  not  sufficient  for  determining  a  separation  of  species. 
Abo  closely  related  is  tho  Bacillus  membranaceus 
amethystinus  (Eisenberg,  1891,  421),  cultivated  by 
Jolles  from  well-water.  It  produces  lai^e  violet  pel- 
licles upon  gelatin  and  is  non-motile.  Gormano  likewise 
cultivated  a  membrane-forming  orn^inipm  (C.  B.  Xll,  S16), 
which  he  named  the  Bacillus  membranaceus  amethyst- 
inus mobilis.  It  agrees  ivilli  tlir  priTeiling  exeept  in 
being  motile.  Also  here  it  U  ]irnbiililo  that  two  identical 
varieties  are  found,  the  one  motile,  the  fither  non-motile. 
I  This  ia  in  accord  with  Ward's  discovery  of  an  orf^niatn. 
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which  helongB  here,  and  which  sometimes  wiva  motil 
Boraetimes  not  (C.  B.  L.  iv,  902). 


Zlaessen,    Schneider.) 

Obtained  from  Krul,  front  Priigue.  Rocis,  1.6-3/1  long, 
0.8-0.9;i  thick,  somewhat  thicker  than  violaceum,  some- 
times  curved.  Upon  the  gelatin  plate,  which  is  not  liqu&- 
fiud,  there  appear,  macroacopicjilly,  small,  blue,  drop-like 
growthB,  When  slightly  magnified,  they  are  sharply 
rounded,  yellowish  disks,  slightly  granular  and  later 
becoming  indigo-blue  frt>m  tJie  center  outward.  Upon  the 
agar  plate  they  are  similar.  The  surface  growth  in  the 
gelatin  stab  is  sky-hlue,  niotst,  sometimes  also  remaining 
white.  The  growth  upon  potato  is  deep  indigo-blue, 
somewhat  granular ;  later  it  presents  a  coppery-red,, 
metallic  luster,  very  similar  to  solid  indigo.  It  renders 
bouillon  cloudy  and  forms  a  pellicle  ujKin  it.  Milk  is  not 
coagulated,  but  is  colored  bluish-green.  The  bacterium  is 
not  motile.  We  have  not  examined  it  tor  Bi^lla,  B»- 
garding  the  pigment,  see  page  67. 

The  original  description  of  Claessen  (C.  B.  vii.  13)  andj 
the  description  of  Voges  of  the  Bacillus  indigoferusJ 
which  was  obtained  from  tap-wat«r  in  Kii'l,  differ  only  in* 
the  statement  that  the  latter  organism  is  actively  motilOf 
and  that  this  depends  upon  a  polar  flngellum.  We  ex- 
aminwl  a  culture  from  Krkl  and  verified  all  the  statements 
of  Voges,  so  that  here  also  are  two  varieties  which  diffw 
only  as  regards  Uagella,  and  which  really  belong  together. 

Bacterium  caeruleum,     Voges.     (L.  and  N.) 

Onr  <le!wrii>tiDn  ia  tram  I 

MicroscopieoUy.  longer  and  shorter  motile  bacilli,  resem- 
bling the  Bact.  coli.     Do  not  stain  by  Gram's  method. 

They  grow  well  also  anaeroliiially. 

Gelatin  stab  :  surface  growth  thin,  with  a  dull  luster  ; 
[)  blue,  slowly  l«voming  di'pre.ssed.  Stab,  thread-like, 
1  little  nodules.     Tho   surface  growth  in  agar  has  a 
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liiBt«r,  is  scarcely  at  all  elevated,  -with  a  gray  zone  at 
the  periphery,  and  a  sky-blue  one  at  the  eenter,  and  with 
some  diffusion  of  the  pigment  into  the  agar.  Upon  bouil- 
lon there  is  a  thick,  tough,  somewhat  wrinkled,  deep  blue 
pellicle,  the  bouillon  becoming  moderately  turbid.  Milk 
is  unchanged,  the  surface  light  blue.  Upon  potato  a  layer 
is  formed,  which  is  light  blue  at  first,  and  later  becomes 
dark  blue  to  dark  blackish -green.  Potato  becomes  gray- 
ish-green throughout.  No  gas  is  formed  from  grape-sugar. 
We  found  a  trace  of  the  pigment  soluble  in  glacial  acetic 
acid,  but  it  is  entirely  iuBoluble  in  all  ordinary  solvents. 


Bacterium  pyocyaneum.     (Qessard,  Fliigge.) 
L.  and  N. 


(Plote24.') 

Synonyms.' — Biidllus  pyocyaneus  Flii^e,  Pseudo- 
monas  pyocyanea  Aligula,  Bacillus  of  greeuish-blue  pus, 
"green  or  blue  pus." 

LUrratmt  to  1893  by  Jakoweki  <Z.  H.  XVI,  475). 

Microscopic  Appearance. — Slender  rods,  often  grow- 
ing into  thrfads.  Thickness,  QA  ii\  length,  1.4  to  6  /t 
Other  autliors  have  also  observed  transition  forms,  from 
slender  rods  to  short,  plump,  even  almost  round  forms 
(24.  K). 

Motility. — Actively  motile  by  means  of  a  polar  flagel- 
lur.1  (24,  .X). 

Stains -Willi  :iiiiliii  dyes  and  liy  Gram's  method. 

Requirements  as  Regards  Nutrient  Media,  Tem- 
perature, and  Oxygen, — Usuidly  is  a  strict  aerobe,  but  is 
also  ciiltivatM  from  closed  abscess  cavities.  Jakowski 
(Z.  H.  XT,  474}  has  cultivated  from  an  intestinal  fistula  a 
form  growing  anaerobically  and  in  carbonic  acid.  It  ia 
not  very  particular  as  to  nutrient  media  and  grows  rapidly 
at  room  and  incubator  temperature. 

'  Onr  plate  is  painted  from  a  cuttnre  which  was  not  entirely  lypicol, 
tm  it  only  tonnB  a  little  pyncyuiiin.  Tlie  color  may  be  nincli  mure 
blniRh-KTcen. 

■e  385,  «( acq.,  Tor  related  lorma. 
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Gelatin  Plate. — (a)  Natural  she.     Deep:  RoundiBh  to 
whetstone-shaped,    yellowish- white    to    green ieh -yellow. 
Soitietitiieg  also  there  is  a  roundish,  spresidlng,  transparent, 
greenish-yellow  extension  with  the  original  colony  in  thQ  ' 
center.     Svperficial:   At  first  roundish,  uneven,  delicatdjti 
spreading,    but    iratnediately   saucer-shaped   liquetaotioi|J 
occurs.     There  is  often  a   lighter  peripheral  zone.     Tbsj 
liquefied  material  is  cloudy,  and  gray  to  greenish-gray,  j" 
The  original  colony  appears   as  a  orumbly  mass  at  tna'] 
center  (24,  v).     There  is  intense  fiuorescence  about  tlitfj 
colony. 

(6)  Mngn^mljifty  times:  Both  the  superficial  aod  deep  I 
colonies  are  yellowish,  roundish,  with  smooth  border,  and  I 
delicately  punctate  at  first.     After  twelve  to  twenty-foot  J 
hours  the  superficial  colonics  have  a  transparent,  ragged! 
border  (like  Bikct.  coll),  and  are  also  sometimes  beset  with.f 
little  hairs  or  fringes.     Then  iinme<:liat«ly  begins  the  d»*^i 
pressioD  of  the  colony  (24,  lU).    The  color  becomes  brown*  J 
ish,  the  irregular  form  and  ring  of  hairs  are  partly  lost^J 
the  contents  of  the  liquefied  area  are  uniformly  crumbly..! 
The  periphery  and  the  structure  of  the  colony  appear  wilhJ 
tlie  greatest  variations,  sometimes  ragged,  sometimes  grao^ 
ular,  sometimes  punctate,  sometimes  lighter,  sometlinei 
darker,  until  the  colony  faEs  entirely  apart.     The  middJ 
portion  of  the  colony  usually  survives  and  ia  darker  i 
color  (24,  IV}.     (Compare  aJso  25,  v  and  x.) 

Gelatin  Stab. — Liquefaction  begins  very  early,  ie  i 
first  cup-rthaped,  later  cylindric,  and  more  rarely  is  shape 
like  a  pointed  funnel.     The  liquefied  material  is  slightljh— 
cloudy,  with  a  greenish-yellow  tcr hluieh-grecn  fluorescence.,] 
There  is  gradual  liquefaction  along  the  slab  canal,  the  C(m*a 
tents  being  yellowish  and  crumbly  (24,  i) , 

Agar    Plate. — (a)  NiUural  aize.     Deep:     Houndish 

whetstone-shaped,  non -characteristic,   yellowish.      Suptr^M 

fieial:   Roundish,  smooth-bordered,  with  a  moist  luster,.! 

green  ish -white  to  yellowish.    There  is  intense  greenish-yd-r 

low  fluorescence  of  the  surrounding  medium  (24,  vi).       1 

(6)  Mngnijied  fifiy  (tniw.    Deep :    Roundish  to  whetstone-  A 

shaped,   with  a  border  partly  siriooth,  partly  delicatelyjfl 

I  M*"^'  ^'^i'<''itely  pimctate  nr  granular  (like  Bart.  eoli),T 

I  light  yellow   to  greeuish-ywllow.     SuperJicuU :     UBually7 


round  disks,  witli  border  akiuost  smooth,  more  or 
strongly  graiiuliir,  very  often  also  nioruloid,  light  yellow  to 
green  itih-y  el  low.  Except  for  the  color,  it  is  not  distin- 
guishable from  Bact.  fluoresceus,  putidnra,  and  coli  ("24, 
vu),     (Compare  also  25,  vi;  26,  vin.) 

Agar  Stab. — Stab:  Non- characteristic,  thread-like,  and 
a  little  nodular.  Surface  ffrmtlJi :  Wbitish-griiy  to  greenish, 
dull  to  moistly  shining.  In  forty-eight  hours  it  is  uni- 
formly spread  over  the  entire  surface.  The  agar  has  a  yel- 
lowish-green to  bluish-green  fluorescence. 

Agar  Streak. — Suniewhat  spreading  growth,  with  a 
moi^t  luster,  wavy,  smooth  border,  yellowish -green  in 
color.  The  agar  shows  marked  blue  to  yellowish-green 
fluorescence.  The  water  of  condensation  is  almost  clear; 
there  is  a  white  precipitate  and  a  whitish  pellicle  on  the 
surface  (24,  ii;. 

Bouillon  Culture. — Marked  yellowish-green  fluores- 
cence. Very  turbid.  Mctdcratc  quantity  of  sediment, 
which  is  broken  np  with  difficulty  upon  shaking.  Pellicle 
upon  the  surface. 

Milk  Culture. — Milk  is  coagulated,  and  later  again 
liquefied.  The  liquefied  portion  presents  yellowish-green 
fluorescence.     Reaction  is  always  alkaline. 

Potato  Culture. — At  first  a  yellowish  growth,  with 
a  moist  luster,  wavy  irregular  border,  and  but  slightly 
elevated;  later,  brownish -yellow  to  brown  or  reddish- 
brown.  Often  there  is  a  fluorescent  zone  about  the  growth 
(24,  vni).  According  to  the  character  of  the  potato, 
there  is  very  great  variation  in  the  luxuriance,  fluores- 
cence, and  color,  and  so  the  growth  cannot  be  distin- 
guished at  any  time  with  certainty  from  that  of  other 
fluorescent  varieties.     (See  also  25,  ix. ) 

Sensitiveness  to  Injurious  Agencies. — Drying  kills 
rapidly.  Tlie  action  of  the  sun's  rays  for  four  hours  do^ 
not  entirely  suspend  chroinogencsis. 

Chemical  Activities. — 

(u)  Chmmngenetia :  In  its  tjpicnl  ciiltnres  the  Bnd.  pyooyanenm 
(ormB  two  pipmento;  a  (treen-yellnw,  flaoreaoeut  bnott rioflnoresceiii, 
aolnlili!  in  wsUt,  and  th^beaiititul  hint,  crystalline  pyocyanin,  solable 
in  ahloroform  (seep.  68).  There  iiTfcnltiires,  however, — like  the  ono 
reprnwiited  in  oar  plate,  — which  prudura  scared j  any  pyocj'anin,  only 
uittch  bacteriofluoreaceiu.     Wo  have  often  seen  coltana  -wXkvia.  Vvtno. 
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npoD  wafers  abuDdant  pyoo^aniti,  which  can  be  caailj  extracted  tntb 
ithlorotnrni  from  natrient  medis  containing  water.  There  are  *1m 
<>altures  which,  at  Icaaloii  certain  nutriutit  luediA  (it  is  reoom mended 
to  employ  1%  peptone,  1.5%  agar  boile<l  in  vater,  and,  finally,  Sft 
gelatin  added),  produce  onlj  pyooyanin.  and,  finally,  then  are  tliose 
which  produce  no  pif^ent.  The  brown  color  of  old  cultures  comes 
from  a  chaiiKing  of  p.vooyanin  into  a  reddiah-brown  pi^nicnt.  Pyo- 
cyanin  is  easily  eiian^^ed  into  yellow  pyoxaathose,  R^^nling  pyooj' 
anin,  see  also  Borland,  C.  B.  xxv.  8DT. 

Regarding   interferenoe  witb   bhe  formation   of  pigment  brou^t 


(b)  Other  prudiKU:   Upon    all  nutrient  media  tbere  ia 

firesent  at  tirst  a  delicate  aromatic  odor  (compared  to 
Inden  blosBonis).  We  have  also  often  perceived  this 
o<ior  in  other  cases;  tor  example,  in  Sarcina  lutea,  Micro- 
coccus luteua.  Old  cultures  sraell  disagreeably  of  am- 
monia. It  forms  neither  indol  nor  n,S,  and  from  grape- 
sugar  little  acid  and  no  gas  are  produced.  Even  the 
boiled  bouillon  cultures  are  stroni^ly  poisonous.  They 
contain,  besides  proteins,  toxic  metabolic  producls.  Nitro- 
gen is  liberated  from  nitrates  and  nitrites  (Ijt'hm.  and 
Neum. ).  Weissenberg  has,  in  our  institute,  demonstrated 
this  property  in  all  the  four  cultures  of  B.  pyocyaneum 
examined  (A.  H.  xxx,  274).  I 

Experimental  Observations  with  Animals. — It  ia 
usually  weakly  p;itliogenic  for  animals;  when  injected,  it  J 
caustis  suppuration.  Schiirmayer  found  in  mice,  after  1 
subcutaneous  injection,  clear  edema  and  sorous  exudate  1 
into  the  body  cavities.  Virulent  culturt«  kill  guinea-pigs  \ 
when  inje'^tpd  suljcutaneously  and  intniperitoneally.  1 

Immunity. — The  very  interestinj;  sUxlies  of   Wasser- 
mann  {Z.  H.  xxii,  263)  are  mentioned  i)n  jMigu  110.     For  ' 
more  details  the  original  must  he  consulted.  i 

Distribution. — 
I        (a)    O'ttxide  the  body:   So    far,    has  not  been  certainly 
I  found. 

I  (ft)  /n  A«i//Aj  6o(/_i/.' Sometimes  in  the  nioulh  and  int^-  I 
[  tine  and  upon  the  skin  of  healthy  personn.  J 

I  (O  In  itiMased  body:  Not  infrequently  (especially  1 
I  fonnurly)  in  pus  from  open  wounds,  also  in  the  dreseingi  j 
I  from  wounds,  sutnelimeB  in  epidemics  in  the  rooms  of  ths  1 
I  fltok.     Usually  the  organism  appears  only  in  aasodation  -i 
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with  the  suppurative  process  in  combination  with  the 
well-known  cjiuses  of  suppuration.  Through  ita  pigment 
it  colore  the  pus  blue,  hluiah-gri'ini,  or  green.  In  a  series 
of  casen  the  organism  has  occurred  alone  in  connection 
with  diseasD  processes  (otitis  uedia,  pericarditis,  bursitis 
pncpatellaris),  so  that  it  may  very  properly  be  looked 
upon  as  pathogenic  for  man,  especially  for  children 
(KoBselj.  General  septic  infections  are  but  rarely  caused 
by  this  organism  alone.  Krannhals  has  coUectm  some 
such  casM  (C.  B,  XV,  431);  recently  Escherich  has  de- 
scril>ed  a  small  pyocyaneum  epidemic  among  infants  (C. 
B.  XXV,  117).  Its  relation  to  diseaBC^  of  children,  where  it 
is  only  found  in  the  stools,  ramaina  doubtful  (Baginaky). 

Related  Varieties, — According  to  our  conviction,  it  is 
imposKihlc  to  sharply  separate  Uiis  ot^nistn  from  the 
Bacterium  fluorescena.  Closely  related  also  is  a  disagree- 
ably amclhng  organism,  cultivated  by  Galtier  from  a  pig 
dead  of  a  etiptic  disease,  and  pathogenic  for  rabbits  (C, 
B.  IV,  109). 

SchUrnmyer  obeerved,  oa  deaoeiidaDts  ot  anginal  rnltnres,  forma 
which  Bcaroely  liqneiy  any  more,  representing  abort  rmla,  fiirminJ!  Ww^ 
.  coherent  gelatin  growths  and  a  firui  oovoriui;  upon  tlie  liquefied  gel- 
Btin.  Many  colonies  in  gelatin  pintea  prmcnt  marked,  radiatJUj;  Mri- 
atioQ  (observed  by  as  in  Boot,  fluoreacens). 
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Bacterium  fluorescens.'    (Fliigge.)    Lehm.  and  Neum. 

(PIhIi?  2.J.) 
Bacillus  fluorescens  liquefaciena.     Fliigge. 

LttenKHn?.— liuzieka  (A.  H.  xxxiv,  148),  Kurt  Wolf  :  Die  flno- 
reacierenden  Bact^rien  dps  Dresdncr  Kll-  nnd  Leitunt^Bwueere,  Zeit.  f. 
Gewanerknnile,  IRDfl.  Not  aeceasilile  lo  uh  and  only  known  to  na 
throngh  an  abstraet. 

After  the  detailed  description  of  the- Bsvct.  pyocyaneum 
it  is  unnecessary  to  also  ilescribe  the  Baet.  fluorescens  in 
detail,  since  we  found  it  identical  in  all  esseutial  prop- 


'  A  twnBitional  form  \i>  Uie  following  variety  occurs  ii 
which  we  obtained  from  A.  Fischer  as  "  leniioahnliohen  Bmnllns," 
firel  the  jtelatin  remains  solid,  aDd  liquefiea  very  slowly  uftw  eight  ti> 
fourteen  days. 
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At  fiist  eight,  iheenoe  of  production  of  procyanin  and  c 
denitrifyii^  acti<m  (Trry  nLaoy  mltarre  weiv  inreetigi " 
in  vain  in  these  respects  by  Weiasenber^  i  appear  suffi*' 
cient  to  s«^>arat«  tiieorguiism  frt»n  the  Ba^-t  pyocyaneiun; 
but  this  is  not  the  esse,  for  the  following  rea^Ds: 

1.  Riudcka  has  also  obtained  Bact.  duoresoens  with 
formation  of  pyocranin. 

2.  Wc  and  otBier  wiit^ts   faav«  bad  culture  of  BacL 
pyocyaneiim  which  no  longer  produce  any  trace  of  pyocy-  1 
anin,  and    ICuzicka  has  oliserved,  in  aerated  cultures  of<i 
Bact.  pyocyaneum,  a  marked  Ttduction  in  the  fonuation  of 
pyocyaniii  (poedibly  transformation  into  pyoxanthoee?). 

3.  Not  only  have  Stutzcr  and  Bum  found  a  non-lique- 
fying, fluoieacent,  denitrifying  oi^anism,  but  Kunneniann 
claims  to  have  cultivated  from  the  soil,  besides  a  denitri-  j 
fying  Bact.  pvocvaneum,  also  a  denitrifvinj!  Bact,  ffuores'  I 
cens  (C.  B.  L  iV,  906).     Most  rewnUy  Kurt  Wolf  has  J 
found  the  Bact,  fluorescens  to  be  frcquentlv  dcmitrifyii^l 
{H.  R.,  1899,  IX,  538).  T 

4.  The  more  restricted  growth  of  the  Bact,  fluonsceu  J 
in  tfae  stab  canul  as  compared  to  BacL  pyocyaneum  may  f 
be  explained  by  acclimatization  to  higher  tetnperatui 
thereby  also  the  pigment  produced  by  the  ;" 
takes  on  a  bluer  tone  (Rudcka). 

5.  Also  the  difference  that  the  Bact.  pyocyaneum, 
when  introduced  into  the  animal  body,  remains  alive 
tiiere  very  well,  while  the  Bact  fiuoKscens  after  three 
days  at  the  latest  is  dead,  is  not  conclusive. 

In  short,  the  methotlic  investigations  of  Ruticka  agree  , 
aljsolutcly  with  the  impression  which  we  obtained  from  oar  J 
most  careful  comparison  of  the  cultures,  and  which  wei4 
advanced  in  the  first  edition. 

Wc  have  studied  most  minutely  four  difTerent  cultures  J 
of  the  Bact.  fluorescens  isolated  from  water  and  soil. 

Microscopically  we  found  rods  which  were  partly  plUinp,  1 
and  partly  slender,  with  polar  flagella. '  Threads  were  rare-  | 
ly  wanting.     !n  Plate  25,  vni,  a  plump  form  is  reproduced.  T 

It  stains  iHM>rly  or  not  at  all  by  Gram's  method.     Uptm  ] 

iUK|iiainted  with  the  non-motile  Bact.  butyri  fluotea*  j 
Liiftir  (A.  H.  XttI,  1),  TOliHUntly  ]in«ent  in  Municli  in  batla,  [ 
s  iii>t  cbitDKe  the  color  of  agar. 
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the  nutrient  media,  we  are  unable  either  microacojiically 
or  macrosoopicatly,  to  see  any  differunco  htitween  it  iioa 
the  Bact.  pyoeyaneum,  except  that  milk  is  never  coagu- 
lated, but  rather  clears  up  gradually,  with  a  yellowish- 
green  coloration.  The  yi;llo  wish -green  ring  alxiut  the 
growth  on  potato  we  have  rarely  seen.  Usually  a  slight 
formation  of  indol  is  observed,  but  no  H,S.  We  have  not 
conducted  any  experiraents  upon  animals. 

The  organism,  with  different  variationB  of  chromogenesiB 
and  fluorescence  (yellowish -green,  hluiah-green,  abundant, 
slight),  is  one  of  the  most  common  inhabitauta  of  watar 
and  soil,  also  it  is  very  often  found  in  milk,  gastric  contents, 
etc.  The  literature  contains  deBcriptiona  of  a  number  of 
varieties  claimed  to  be  specific.  We  have  not  been  able  to 
study  them,  but  are  very  skeptical  regarding  them  because 
of  the  great  variability  of  the  Bact  fluorescens.  E.  Klein 
has  cultivated  from  lupin  tubercles  a  form  which  belongs 
here  (Jour,  of  Path,  and  Bact.,  ii,  1893,  205).  (See  p. 
83.)  Also  Bact.  viridans  Symmers,  from  the  vesicles 
of  herpes  (C.  B.  xri,  165),  is  entirely  identical,  in  spit© 
of  its  ability  to  grow  also  anuerobically. 

Bacterium  ranicida.     (P.  Ernst.)     Lehm.  and  Neum. 

Bacillus  ranicidn  Hrtut.  (ZJ^I.  Beitrngo,  Viil,  'JO.t.)  Buu.  Iivdro- 
philus  foacus  Ssnarelli  {C.  B,  IX,  193).  (SeealaoP,  U.KnaseU,  Jour, 
of  Atner.  Med.  Assoc.,  June  19,  1998.— Ed.) 

Judging  from  tlie  description  and  illnatration  of  tliis  organiim,  it 
appears  to  belong  here.  It  is  pathq^nic  tor  oiild-blooded  nnimnlw 
(trogs,  fish),  but,  according  to  Sarorelli,  also  for  warm-blooded 
animals.  The  rods  are  actively  motile,  and  on  many  nntrient  medin 
gron  into  Iodr  threadn.  The  cultures  upon  agar  and  gelatin  exhibit 
B  bluish  fluorwcenoe.  Potato  onltures  ore  brown.  They  litjnely 
geintin  and  fenneitt  sngar,  whicli  was  not  done  by  any  of  the  devcn 
flaoteaoent  forms  studied  by  ns.  The  arrangement  of  the  flagelln 
may  perhaps  give  further  light  upon  their  relationship. 
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Bacterium   puttdum. 


(Fliig:^.^     Lehm.  and  Neum. 

{Plate  at).) 

Synonyms. — Bacillus  fluorescens  i>utidus  Fliigge,  Bnc 
fluorescens  non  liquefaciens  Autorum.  Compare  also 
remarks  on  page  285. 


2SS        IMPORTANT  VAIIIETJES  OF  FJ^IOy-FrKGl. 

Microscopic  Appearance. — Ir^mall,  slender  rods,  o 

jirmviiis  inio  exceedingly  long  threads.     Thicknees,  0.4 
0.8/;;  l.;ii<;lli.  1.6-t/.  (26,  vi,  ix). 

Motility. — Aotivi'ly  motile,  dejwndent  upon  one,  mreljl 


■  !"; 


I-  llii-rlla. 


ling  Properties. — Nut  by  Grain's  method. 

Requirements  as  to  Temperature,  Oxygen,  andl 
Nutrient  Media.— Striit  fierohe,  not  particular  aa  tol 
mediii,  prows  fairly  rapidly  sind  best  at  25°— 30°. 

Gelatin    Plate. — (u)   Natural   site.     Da^:    Roundish] 
to  whetstone-shaped,  yellowish.     S'ij>fTficUtl :  At  first  Uk 
the  deep  ;  after  forty-eight  hours,  2  or  3  mm.  wide,  tram 
parent,  lobulated,  ragged,  sliining,  yellowish-green, 
gelatin  shows  yeUowiBh-green  tluoresoence  (26,   iv).     iQ 
gradually  enlarges  until  its  size  is  1  mi  cm. 

(b)  Magnified  jijty  times.  Deep:  Roundish,  Btnooth-J 
bordered,  light  yellow,  homogeneously  shaded,  usuaUyi 
with  a  somewhat  darker  concentric  ring  (26,  iii).  iSujMr^l 
ficitil :  Both  ill  the  early  and  later  stages  it  is  indistio- J 
guishable  from  the  colonies  of  Bact.  typhi  and  eoli  except] 
from  the  fiuorescence  (26,  ii).  There  are  here  also  maitt-| 
fold  variations. 

Gelatin  Stab. — Sdib :  Not  characteristic,  thread-Uk«i^ 
Surface  growth :  Lobulated,  jogged,  transparent,  dullorwitt 
a  fatty  luster,  whitish-gray  to  yellowish-green.  Thv 
gelatin  shows  yellowish-green  fluorescence  (26,  i).  ' 

Upon  agar,  potato,  milk,  and  bouillon  it  ia  indiatin-  ! 
guisnablu  from  Bact.  fluoreeeens. 

RrmaThi. — A,«tde  frnm  the  luiuefaction  of  gelntin,  the  Bnct.  patidnn 
•ltd  Bact.  flnonwMns  are  scan*ly  different,  and  it  uppeunt  etitire"^ 

i'aBtiHnblp  Ui  pliioe  th«n  togi'thrr  nTidpr  a  Itect.  fliiiircau'iiB. 
nrms  a  liqueraciens  nnd  II  nbn  liqueracieni.  W(>  liave  also  n 
the  MDolnsinn  thnC  Itie  Bacillus  Buorescena  albus  Zimmem 
nnd  fluoresccDB  Iongu«  Zitniuprnmnii.  nhioh  we  reoeivcd  din 
fmm  Zimmeminnn  and  ntudied  cnrctiilty,  do  not  deserve  to  ho  ilv 
tMted  HH  vnricliiM.  Hitli  rnniie  were  itli^ntitsl  with  one  imlated  by  i 
tnm  Hoil ;  another,  obtAJnod  tnitu  walrr,  which  wehavpotdtivKtedf 
JTOT  in  our  JDHtitnte,  now  trmua  very  tonn  threads  almost  cxclusivelf^fl 
whttdi  wv  ilo  not  reiuutuber  it  to  havi^  dune  previously.  A.  third  fonOi 
fnUtcd  1>y  tiB  from  »oil,  mrresponiU  sonifwhnt  with  the  BacitliM 
fluareacen*  aureua  Zinimcmiaiin,  nnd  in  difltiiifciiiahed  by  a  dirt~ 
V  growth  upuu  iw?ir  and  (jt'lutiii,  l)at  this  ohaiaobcristio  is  n 
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oonatant.     Compnre  also  Leaof^e  (C.  B.  ni,  8,  and  iv,  135)  regarding 
the  Bacterium  of  green  disnrlieaa. 

The  satuu  experience  uoooiTed  U>  us  nith  the  Spirillum  fluorescens 
lit  KrU.  It  oorrespuudL'd  eubutly  ii]xiu  all  nutrient  media  with  the 
Bnct.  putidura  ;  microscopically  it  preseotcd  rods  with  a  single  flagel- 
lum,  0.4-0.6/'  thick  and  0.8-3/1  long.  We  may  here  add  that  it  tnay 
aometimee  be  very  difficult  to  reach  it  certain  decision  as  to  wheth^ 
we  have  to  deaJ  with  a  vibrio  with  a  single  tJagellnm,  or  a  member  tk 
the  fluorescent  gfoap  with  single  flagella,  siuce  there  occur  almosl 
straight  vibrios  oh  well  ua  Ix^nt  rods.  At  any  rat«,  the  fluorescent 
group  fonns  the  tmnsitiou  to  the  vibrios.  The  following  appeals  to 
belong  in  this  connection  : 


Bacterium  denitrificans,     Stutzer  and  Burri. 
(L.  and  N.) 

Bacillus  denitrificuuH  T.  ^tiitxer  and  Bum.  Liberates  gaseous  ni- 
trogen from  nitrite,  and  from  nitrate  only  when  reducing  bacteria 
(Bnct.  ooli  and  others)  are  present.  For  details  regarding  this  intei^ 
eating  otguitani,  see  C.  B.  L.  i,  367,  and  Weisaenbenc  (A,  U.  xxx, 

874). 


Bacterium  syncyaneum.     (Ehrenb.)     Lehm, 
and  Neum. 

(Plates  27  and  28.) 

Lileralurf. — Huppe  (Mitt.  a.  d.  Gesuudheitsamt  tl,  355),  Heim 
(A.  G.  A.  V,  518),  Tliuiii  {A.  K.  I,  291). 

Synonyms. — Bacilhia  cyanogenea  Fliigge,  Pseudomo- 
nan  s_vncyani-!i  Mi^ula.     Budllus  of  blue  milk. 

Microscopic  Appearance. — Stnall  roils,  with  blunt  or 
pointed  ends,  0.5 n  thick,  1 . 2-3 n  long.  Tiireada  could  not 
be  seen  (27,  Vii). 

Motility. — Active  motion  dependent  tipon  from  1  to  5 
flj\gella  at  one  pole,  rarely  (before  division)  upon  bipolar 
flatiella  (27,  vtri). 

Staining  Properties. — With  anilin  dyee  and  by  Gram's 
method.  In  staining  plttaniolysis  soirietinies  occurs,  ho 
that  tht!  baot'Tia  have  stripes  like  a  zebra. 

Requirements  as  to  Temperature,  Nutrient  Media, 
and  Oxygen. — Obligate  aerobe,  grows  l»eet  at  room  tem- 
perature, perceptibly  less  at  30°,  and  at  40°  it  soon  dies, 
jt  grown  with  moderate  rapidity. 

Gelatin  Plate, — (o)  A'aSwro/  eiie.  Dee^:  Rqvh\4»!b. 
19 
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to   wlietfltone-Bhaped   and  yellowish.      Superficial   (;_ 
thrco  (iaye) :  Irregularly  jagged  lobulation,  with  a  mi™ 
luiiter,  a  little  elevated,  sharply  outlined  from  the  euntnuu 
\n^  uiediuiii,  yellowish  to  grayish-white  (28,  vi>.     LatL^ 
they  iH-come  grayish  to  brownish-lavender.     The  gcIaUn] 
is  variously  colored.     (See  also  28,  vn. ) 

(ft)  Afagnified  Jifty  times.  Deep:  Round  or  roundisli, 
vi'llowiiili,  delicately  granular  (28,  vni  i).  Superficial.' 
\n  t)i»  youngest  stages  are  not  distinguishable  fnnn  tif 
nt  BacU  typhi  and  coH.  Also  later  they  are  still  vi, 
piniilar  to  them,  only  the  colonies  appear  much  mors' 
dclicat*ilv  uranular.  Often  the  original  colony  appears  at 
the  middle  as  a  yellowbh-brown  nucleus.  Every  possible 
variation  I'f  ti)riii,  structure,  and  color  is  ohBer\-ed.  The 
color  HBimlly  is  yellowish  and  the  form  irregularly  lobu- 
IttUiI  (2S.  VIII  e), 

Oelatin  Stab. — Snfi .-  Not  characteristic,  thread-like. 
Snrfiice  irnm'lJt :  From  whitish  and  bluish-gray  to  greenish- 
Vfllow,  witli  a  moist  luster,  slimy.  The  color  o(  the  gela- 
tin vnric«  exoeedingly.  A  culture  obtained  from  Berlin 
in  the  summer  of  1895  usually  furnished  light  to  dark 
hlno  Kft.>wths,  while  a  culture  of  our  own,  which  had  bi-en 
i'ulti\-at«l  in  the  institute  for  about  six  years,  exhibited, 
npvm  the  same  nutrient  medium,  brownish-green,  dark 
brown,  and  light  yellowiah-green  growths  with  more  or  Iraa 
tluopuscenoe.  A  Bact  syncyaneum  0  cyaneofluoreecens 
Zani^Mneister  (C,  B.  xvill,  321)  behaved  very  similarly. 
A  year  tiitcr  aUo  the  Berlin  culture  produced  no  blue  color 
upon  either  aeid  or  alkaline  nutrient  media,  but  only  dirty 
iiilors*,  fmiii  linlit  or  dark  brown  to  licht  yellowish-greCTi 
iind  deep  bniwiiiah-greeii  ("27,  I,  II,  III).  (Compare  also 
27,  IV. )  A  culture  fri'shly  isiihUed  fnim  milk  in  Wiirz- 
burg  gave  beautiful  bine  pigment  with  little  fluorescence. 

Agar  Plate. — (a)  NiUural  m:c :  Like  those  on  the  gela- 
tin mate. 

(A)  Afaffnijirrlfijii/ timet.  Avp  .■  Roundish  to  whetstone- 
Bhtiped.  yellow,  grav,  or  brownish,  with  even  border, 
horniigenoous,  shadtHf.  Smterfiaiil:  Round  to  roundish, 
smooth  txlge,  light  yellotvish  to  grayish -brown,  homogen- 
eously shadwl  or  finely  granular.  It  is  similar  to  the  colony 
o(  Buct.  tluoreecens  (28,  v). 
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Agar  Stab. — Just  like  that  in  gelatin.  Usiially  the 
surface  growth  is  a  little  more  luxuriant  (27,  iv).  Com- 
pare 27,  i-iii. 

Agar  Streak. — Moist,  usually  grayish-white  growth, 
with  a  emootli,  wavy  Iwrder.  Water  of  condensatioD 
cloudy,  with  a  grayish-white  sediment.  The  agar  presents 
most  variable  iiolorH.  Sometimes  cultures  can  not  be  dis- 
tinguished from  those  of  the  Bact.  putidum. 

Bouillon  Culture. — Moderately  cloudy,  at  first  gray- 
ish-green, later  with  many  cultures,  l»>ci)ming  hlue  to 
bluish-green.  Precipitate  moderate,  whitieh-gray,  feebly 
coherent  Pellicle  formation  is  observed  in  some  cases, 
and  not  in  others  (27,  vj. 

Milk  Culture. — Bluish-green  color;  otherwise  unaltered. 
Reaction  alkaline  (27,  vi).  AVith  the  addition  of  hydro- 
chloric acid  the  color  becomes  blue,  if  a  culture  is  employed 
which  forms  syncyanin.  Upon  unsteriHzpd  milk  the  color 
is  deep  ta  sky  blue  on  account  of  the  acid  produced  by  the 
Bact  acid,  lactici. 

We  obtained  lie^utitul  blue  milk  by  adding  1^  grape- 
sugar  to  sterilized  milk  or,  better,  whey  ;  grape-sugar, 
particularly,  iti  converted  into  acid  by  Bact.  syncyaneum. 

Potato  Culture, — According  to  the  variety  of  potato, 
growths  resulting  from  inmnilation  with  the  same  culture 
may  vary  widely.  The  growth  is  greenish  or  brownish- blue, 
blackish -blue,  dark  brown,  yellowisli-brown,  or  gray, 
always  glistening,  sometimes  a  little  elevated.  The  potato 
is  discolored  greenish,  brown,  gray,  blue,  etc.  (2S,  i-iii). 
In  many  cases  it  can  not  he  distinguished  from  Bact 
fluorescens,  especially  if  tlie  formation  of  blue  pigment  is 
slight  or  absent. 

Other  Nutrient  Media, — Grows  and  produces  jiigmcnt 
upon  iion-alhuminouB  nutrient  media.  As  pointed  out  by 
Hiippe,  tartrate  of  animouiunn  serves  as  the  source  of  cnr- 
lion  and  nilropen. 

Resistant  Properties. — Against  drying,  five  to  seven 
nioTiths  (Hiiiii  I,    S|nivis  are  certainly  not  present  (Helm). 

Chemical  Activities.— C^romof/enrsiV:  Most  cultures 
form  Iwo  pigments,  the  fluorescent  yellowish-green  bac- 
teriofluorescein,  and  also  the  blue  eyncyanin.  We  have 
cnltures  which  no  longer  producftd  aax-j  \.iaRB.(A. 
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blue  pigment,  but  only  bacteriofluoreacein,  and  Hiippe 
and  Thuiiim  (A,  K,  i,  291)  have  observed  those  which 
produced  a  pure  blue  pigment.  Finally,  all  chromogeu- 
eais  may  be  lost  {Heim,  1.  c;  Behr,  C.  B.  vui,  485). 
Regarding  eyncyanin,  we  still  know  little;  we  have  been 
unable  to  find  a  good  solvent  for  it;  spectroacopically  it 
furnishes  a  powerful  absorption  band.  Weak  acids  do  not 
alter  the  color,  strong  hydrochloric  and  sulphuric  acids 
change  it  to  violet,  acetic  acid  produces  a  dirty  color. 
Sodium  hydrosid  produces  a  rosy  to  yellowish  red;  the 
change  in  color  occurs  as  the  acid  reaction  disappears;  upon 
standing,  the  color  passca  into  brownish-red,  thus  explain- 
ing the  color  of  old  cultures. 

Acid  is  not  formed  from  milk-sugar,  but  is  from  grape- 
sugar  without  liberation  ai  gas.  In  poptoue  bouilloa 
no  H^  is  formed,  but  traces  of  indol  are  produced.  The 
bouillon  smells  disagreeably  aromatic,  and  abundant  am- 
monia is  formed. 

Distribution. — (a)  OiUsiiie  the  hody :  Often  found  in 
blue  milk,  sometimes  occurring  epidemically.  Such  milk 
is  not  liarmful.  (6)  In  the  body  the  organism  has  not 
been  found. 

Bacterium  brunificans.     Lehm.  and  Neum. 

Aotivcly  motile,  Aiym  nnt  liijncry  gelatin,  ixolatHl  Troiu  tonl  pus  b 
SoheibenKuber  (C  B.  VI,  44J).    In  stob  cultures  upon  variouBDi  '  '" 
medift  it  diaroltire  the  im^diuiu  dark  brown  in  the  tonn  of  a  sack 
hIhivg  for  a  short  bdiI  l)elow  for  a  ^^ater  distance  friiin  th»  eteb  a 


Bacterium  femigineum.     (Rullmann.)     L.  and  N. 

According  to  the  description,  it  is  closely  related  to  tl 
preceding.  It  is  actively  motile.  Cultures  yellowish  ( 
reddish,  but  usually  dark  brown,  with  marked 
i)rown  discoloration  of  the  nutrient  medium.  Pigment  S 
Holuble  in  water,  alcohol,  and  acetone.  Upon  meat  inf 
sion-glycerin-agar  there  is,  at  37°,  a  greenish  fiuorescenot 
Gelatin  is  feeblv  liquefied.  Found  by  Rullmann  in  canal 
water  (C.  B.  xkiv,  4«5). 
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Bacterium  Zopfii.     Kurth.     (Botan.  Zeit.,  1883.) 

(Ftat(S-29atid  30.) 

Microscopic  Appearance. — There  occur  all   forms 

from  long  threads  ti>  short  mds.  Often  the  threads  break 
up  int^.>  nearly  sphericiil  ineuibere  (30,  ii). 

Motility.  —  very  active,  dependent  upon  numerous 
peritrichous  flagella  {30,  ix). 

Staining  Properties. — Stains  well  by  Gram's  method. 

Requirements  as  to  Nutrient  Media,  Temperature, 
and  Oxygen. — i'':iruila,tive  anaerobe,  aatisfieil  with  the 
greuti.'sl.  varii-ty  i-'f  nutrient  materials;  grows  at  room  and 
incubator  temperatures. 

Gelatin  Plate. — {a)  Natural  mie:  Delicate,  whitish- 
gray  colonies,  reseinbhng  spider's  web  or  mold  mycelium 
(29,  VlJ,  Later  there  appear  little  branehes  upon  the 
threads,  which  are  more  distinct  the  more  superficially 
they  are  located.  The  colonies  (29,  v)  then  resemble 
those  of  the  Bacillus  mycoides  (37,  vi,  ix). 

(6)  Magnified  50  to  100  times:  Very  characteristic.  The 
original  colony  serves  as  a  central  part,  from  which  radiat- 
ing threads  pass  outward  on  ull  sides,  which  are  more  or 
less  branched  and  matted  together.  Between  these  lie 
zoc^leEe  of  the  most  variable  forms:  resembling  loops  of 
hair,  corkscrews,  whipcords,  and  sausage  with  marked  re- 
flection (29,  viii).  When  nnagnified  90  times,  the  indi- 
vidual threads  appear  as  wavy  strings  with  wide  lumina, 
arranged  in  a  most  irn?gular  manner  (29,  vii).  The 
rihbou-like  zoogleic  forms,  when  magnified  90  times, 
appear  composed  of  highly  retractive,  often  granular 
threads  (30,  i).  The  elongated,  sausage-like  forms  ajipear 
decidedly  irregular.  They  consist  of  oval,  overlapping, 
yellowish-gray,  homogeneously  shaded  clumps.  At  the 
end  of  such  a  chain  there  are  usually  bough-like  branch- 
ings. Between  these  lie  younger  zooglcEe,  bounded  by  two 
notched  lines  (30,  vii). 

Gelatin  Stab. — The  stab  is  provided  with  very  delicate, 
fine,  parallel  outgrowths,  which  are  longest  near  the  sur- 
face and  become  ahorter  as  they  become  deeper  in  the 
tube.      Surface    growth  is   delicate,    taans^aiexA,  ^*.-^, 
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shining,  aometimes  presenting  very  beautifully  a  combina- 
tion of  small  boughs  (29,  i). 

Agar  Plate. — («)  Natural  mie;  After  twenty-four  hours 
the  colouies  are  2  to  4  mm.  wide,  grayish -white,  with  deli- 
cately fringed  border,  and  are  surrounded  by  a  thin  trans- 
parent zone  (30,  iv).  In  a  short  time  the  whole  plate  is 
covered  with  a  gray  veil. 

(6)  Magnified  fifty  lirMS :  After  twelve  houre  the  colonies 
are  Uke  exceedingly  delicate  balls  of  hairs,  and  visible 
only  with  a  very  narrow  opening  in  the  diaphragm  (30, 
v).  Later  the  colonies  taJ^e  on  a  more  intense  yellowish 
color,  the  branching  increases,  and  the  extension  takes  place 
rapidly  but  irregularly.  The  colony  can  not  be  distin- 
guished from  a  deep  subtilis  colony  (30,  in).  After  a  few 
days  the  colony  has  become  yellowish-brown,  and  is 
exceedingly  matted  and  tangled.  When  magnified  90 
times,  it  is  seen  that  the  delicate  veils  about  the  superficial 
colonies  consist  of  thin  layers  of  bacteria  (30,  vi). 

Agar  Stab.— Similar  to  that  in  gelatin  (29,  m). 

Agar  Streak.  ^ — Exceedingly  delicate,  grayish -white, 
Irnnspiirent,  shining.  In  the  middle  there  sometimefl  is  a 
]ialer  streak.  In  a  short  time  the  entire  surface  is  over- 
grown ;  hairs  are  not  usually  distinguishable  ;  the  water 
of  condensation  remains  clear,  with  a  whitish  precipitate. 

Bouillon  Culture. — Clear  or  slightly  turbid,  with  a 
litllc  sMiiniont. 

Milk.^N'ot  coagulated,  amphoteric  reaction. 

Potato  Culture. — Slight,  yellowish -gray  growth. 

Chemical  Activities. — Produces  typical  putrefaction 
with  pronounced  foul  odur  u|)on  nutrient  media  rich  in 
albumin.  It  is  remarkable  that  Kuhn  (A.  H.  xiii,  40) 
could  never  demonalrale  itiHoI  production  in  our  institute, 
whil.- we  Mo«-  findsui.K-iiiilol. 

Distribution.—!  ■< )  Out^iik  the  body :  Isolated  by  Kurt 
from  hrii  itcjreta  ;  l>v  Kulin.  repeatedly  from  putrefying 
niixliirc-n.     (/')   liini'Ir  il'i'  /Wi/it  has  never  been  found. 

Related  Varieties.— The  Bact,  vulgare,  forma  Zenkeri, 
wliiili  li,i)j  BO  far  been  hut  little  studied,  is  most  closely 
elated.  The  priiuiniil  difTcrence  lies  in  the  beautiful  little 
hains.  hristlcH,  and  thn-nds  sent  out  from  the  stab  culture. 
According  to  Hauser'a  dencription,  it  appears  that  also  the 
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elongated,  sausage-shaped  zooglca)  are  lacking  in  his  Pro- 
teus Zt-^nkeri.  In  Kuhn  a  confusion  nf  our  organism  with 
the  Prot.  Zenkeri  is  met  with ;  in  his  work  it  ia  every- 
where called  Bact.  Zopfii  instead  of  Proteus  Zenkeri  (A.  H. 
xiu,  40). 

Bacterium   vulgare.     (Mauser.)     Lehm.    and  Neum. 

Synonyms. — ProleiiM  vulgark  Hauser,  BaeUlus  vtdgaru 
Mace,  Migula.  Proteus  HauseH  A  utor. ,  BiunUus  attiM  cada- 
veria  Strecker  and  Strassmann  {C.  B.  iv,  67),  Urobaciiiju 
li(ptefaciem  septicits  Krof;iu8,  Bac.  /(t-tidus  ozwnx  Hajek, 
Bnciilun  Protewi  vulgaris  Kru^e. 

Ordinary  Name. — Proteus. 

Literature. — Hauaer,  "  Ueber  Fiiulnialiokterien,"  Leipzig,  1885. 
Mejerhol  (C.  B.  XXIV,  18),  eitenaive  review  of  litersture  (152  nnm- 

Microscopic  Appearance — Slender,  thin  rods,  aver- 
aging 1.6-4  M  i»  length,  and  0,4-0.5  n  in  thickness.  It  is 
often  found  ns  long  threads,  but  it  also  occurs  in  ieodia- 
metric  forms  and  as  spiral  winding  threads.  The  mul- 
tiplicity of  the  microscopic  growth-forms  has  led  to  naming 
the  organism  as  Proteus.  Upon  acid  nutrient  media,  very 
short  rods  are  especially  produced  (31,  vni  and  ix). 

Motility. — Very  active,  due  to  very  abundant,  long, 
peritrichous  fiagella.  At  present  our  cultures  exhibit 
active  motion  only  when  examined  while  very  young,  in 
spite  o!  a  good  development  of  flagella  (31,  ix). 

Staining  Properties. — Stains  well  by  Gram's  method. 
When  treated  by  Gram's  method,  it  was  found  by  Meyer- 
hot  to  be  easily  decolorized  (C,  B.  xxiv,  27),  and  by  Sil- 
berschmidt  to  be  unstained.  We  have  demonstrated 
anew  with  many  cultures  that  it  stains  well. 

Requirements  as  Regards  Oxygen  and  Nutrient 
Media. — It  grows  equally  well  aerobically  and  anaerob- 
ically,  also  in  CO,.  The  most  variable  nutrient  media 
(also  non-aU luminous)  are  suited  to  it.  It  grows  very 
rapidly.  Hauser  found  that,  in  the  absence  of  oxygen 
and  in  carbonic  acid,  growth  wa.s  poor,  aVsbO  ■a'^'tt.  ■»&■&.- 
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albuminous  nutrient  media.     It  growE  at  quite  low  ten]'' 
peratures  (ice-box)  and  in  the  incubator.     According  UtM 
Levy  and   Meyerliof,   gas  production   la  most  abundant  I 
when  oxygen  is  freely  admitted,  as  when  the  bacteria  ar»  | 
grown  in  shallow  dishes. 

Gelatin  Plate.' — (a)  Natural  size:  Gray,  delicate,  trana-  ] 
parent  growths  whioh  present  a  shallow  depression  evoi  ] 
after  twelve  to  twenty  hours.  After  three  days  the  cups  1 
of  liquefaction  are  alreadyO,5to  I  cm.  wide,  with  turbid'] 
contents.  The  deep  colonies  are  punctiform  and  not  chap-  j 
aeterietic.  Before  liquefaction  there  ia  usually  seen  about  j 
the  euperfieial  colonies  an  irregularly  jagged  zone,  consist-  J 
ing  of  highly  refractive  zoogleee  (31,  v).  J 

(6)  Magnified  sixty  times:  Upon  very  young  plates  two! 
kinds  of  colonies  are  seen — the  one,  roundish,  grayiah«j 
yellow,  sharply  outlined,  with  even  borders,  honiogeneouiA 
or  finely  granular,  which  lies  deep  in  the  gelatin ;  thov 
other,  transparent,  colorless,  delicate,  with  wavy  lobu-3 
lations,  difficult  to  distinguish  from  those  of  Sact.  typhi,  J 
which  lie  upon  the  surface.  The  latter  spread  out  mow  I 
and  more,  and  then  there  appears  in  the  center  of  the^f 
colony  a  lively,  interesting  motion  of  the  bacterial  n 
After  a  longer  time  the  motion  ceases,  while  liquefactioaJ 
extends  at  the  periphery.  The  colony  then  is  of  an  irr^J 
ular  form,  and  when  the  entire  colony  is  almost  completefy-J 
liquefied,  the  thin  shining  peripheral  portion  remaii 
The  deep  colonies  often  present  hairs,  which  later  t 
mostly  arranged  about  the  periphery.* 

Gelatin  Stab. — Slab:  At  first  is  thread-like  and  nofefl 

'  Sngnr  KPlntin  it 
entirely  shiiitiu'  to 
growthM  lire  ulmeut  (Kalm). 

■  The  rcprcfientAtion  given  is  taken  from  »  cnltnre  which  1i«  been  J 
long  millivnl«<il  niHl  otlen  xtntlied.     Nut  rarelj,  mpectnlly  in  frMhlr  1 
fUtatod  cnltorce,  and  ohMTven  on  K^lntiii  pinte  (;iiltiin«  mDHngK-ahftpe^  J 
^1*1  WQgiHE  rxnrtl;  identical  with  thnra  whieh  we  have  dMoribwf 
L  Mtd  JllnMnUH]  w>  mUiUtely  in  the  Baotcriiim  Zii|ifli.  and  whioh  HnnM 
1  hMMbmntifulljr  photoRraphed.     HohedtlerlC,  B.  ii,  437)  appc«rat< 
I   bave  ■nhniittml  oultitrtw  Bimilnr  to  those  repnuenled  b.v  dh.     Vi'e  hwn 
F  aocMitfmea  notioed  (lie  BwamiinK  inlnndH  at  the  periphery  at  the  mlo-4 
r  AbiV  which,  ocoonting  to  llauwr,  ore  eupcviuUy  olnwrved  uiK>n  6%  J 
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characteristic ;  later,  there  is  tube-shaped  liquefaction. 
The  eurface  growth  at  oiioe  forms  a  saucer-ahaped  lique- 
faction, and  later  the  liquefaction  becomes  cyliiiLtrie,  The 
liquefied  material  is  turbid  or  cloudy  (31,  i).  (The  picture 
is  a  little  too  violet. ) 

Agar  Plate. — (o)  Natural  size :  Entirely  n  on -character- 
istic. The  surface  colonies  are  delicate  grayish-white;  the 
deeper,  yellowish-white  (31,  in). 

(i)  Afagnijied  aurfy  times.  Deep  colonifn :  Roundish,  very 
crumbly,  later  often  moiruloid  (33,  iv  below).  Super- 
Jtcitd:  Delicately  transparent,  exceedingly  finely  granular, 
at  the  center  yellowish  and  becoming  colorless  toward  the 
periphery.  The  periphery  assumes  all  possible  irregular 
forms,  from  the  wandering  outward  of  the  bacteria  (32, 
vn).  At  first  it  is  always  roundish  (31,  iv).  Typical, 
elongated,  sausage  forms,  etc.,  such  as  occur  on  gelatin, 
have  never  been  observed  by  ua. 

Agar  Stab. — Stab:  Not  characteristic,  thread-like. 
Surjai-c  ;/n}wili :  Gray,  slimy,  moist,  transparent. 

Agar  Streak. — Veil -like,  thin,  transparent,  moistly 
glistening  growth,  which  already  after  twelve  hours  has 
overgrown  (Ik-  entire  surface.  Water  of  condensation  very 
cloudy,  whitish -yellow. 

Bouillon  Culture, — Very  cloudy,  abundant  precipi- 
tate. 

Milk  Culture. — Firmly  coagulated  after  two  to  three 
days,  and  later  again  liijuefied.  Still  later,  milk  becomes 
yellowish  and  feebly  acid. 

Potato  Culture. — Very  scanty  growth;  whitish-yellow, 
usually  limited  to  the  inoculation  streak,  somewhat 
crumbly,  dull  or  with  a  fatty  luster,  somewhat -elevated. 

Chemical  Activities. — 

(a)  Odoriferous  substances  r  Albuminous  bodies  under- 
go putretaclive  decomposition  with  very  abundant  foul 
odor,  and  a  strong  alkaline  reaction. 

(h)  Furmiilion  of  g<is  and  add  from  carbohydrates:  It 
ft>rms  abundant  gae  from  grape-sugar;  according  to  Th. 
Smith,  still  more  from  cane-sugar,  and  none  from  milk- 
sugar.  According  lo  Smith,  the  gas  consists  of  one-third 
CO,  and  of  two-lhirils  II,.  Upon  sugar  media  no  foul 
odor  is  present  (Kuhn). 
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(c)  H^  and  indol  are  produced  almndanlly. 

((i)  Urea  is  vigorously  transformed  int«  ammoniam 
carbonate.     (Compare  p.  70.) 

{«)    Tbxins :  Hauaer  observed  the  production  of  exoeed- 
iiigly  powerful  toxic  metabolic  prodncts,  which  cottid  be  ■ 
obtained  free  of  bacteria  by  passage  through  clay  filters.  F 
Tito  Carbone  has  isolated  cholin,  ethylendiamin,  gadinin, 
and  trimethylamiu  from  meat  cultures  (C,   B,   vm,  No. 
768). 

The  sepflin  of  Schmieiieberg,  from  putrid  yeast  (Mediz. 
Centralblatt,   1868,  No.  32),  acts  just  like  the  metabolic 
products  of  the  Bact.  Tulgare  (Levy),  and  appears  to  be  a  . 
product  of  that  organism.  I 

Resistance. — Considerable  against  chemical  and  tber-  ' 
mal  injuries,  but  is  killed  by  60°  in  one-quarter  to  one- 
half  minute  (Meyerhof). 

Distribution. — 

(a)  Ouiaide  the  body :  Very  common  in  putrid  meat  and 
other  putrid  objects.     Cause  of  foul-smelling  decomposi- 
tion ;  occurs  in  water  from  contamination  with  putrid  ma- 
terials.    It  never  occurs  in  gelatin  plates  from  air,  but  is  1 
easily  obtained  if  sterile  or  sterilized  meat  is  allowed  to  j 
stand  uncovered  ;  thus  it  is  present  in  air. 

(b)  In  heaiihybody:  Throughout  the  entire  alimentary 
tract. 

(c)  In  dUtaaed  human  organiitm, :  Often  alone  it  produces 
severe  catarrh  of  the  bladder  with  ammoniucal  urine; 
often,  also,  in  association  with  Bact.  coli  (Schnitzler,  C. 
B.  XIV,  218).  It  is  also  the  cause  of  other  diseases  of  the 
urinary  organs.  The  urobacillus  linuefaciens  sepUcus  of 
writers  Is  at  least  in  part  identical  with  the  Bact.  vulgare. 

While  Bact,  vulgare  occurs  rather  frequently  togetlier 
witli  other  causes  of  disease  (in  foul  phlegmons,  abscesses, 
pulmonary  gangrene,  decubitus,  foul  carcinomas,  etc),  it 
ntui  relatively  s<>ldoin  been  deini  instated  to  certainly  be 
the  VAMM  of  diseases  in  man,  as  in  a  few  cases  of  abscess, 
inflammations  of  serous  membranes,  etc. 

Booker  founil   varieties  of   tlie  pmt«U3  in   18  t 
oholora  infantum  (C.  B.  x,  284), 

Levy  has  demonstrated  the  Bact.  vulgare  to  l>e  the 
cause  of   meat  poisoning:    Eigliteon  persons  were  taken 
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sick  with  severe  vomiting  and  diarrhea  (vomiting  of 
blood),  of  whom  one  died.  Compare  also  the  epidemic 
described  by  Wesenberg  (Z.  H,  xxviii,  484). 

In  an  instance  where  several  soldiers  became  very  sick 
with  Weil's  disease  (infectious,  febrile  icterus)  after 
bathing  in  impure  water,  Jiiger  (Z,  H,  xii,  525)  found 
the  Bact,  vulgare  in  a  feebly  fluorescent  form;  in  two 
cases  postmortem,  in  great  iiuinbetB  in  some  of  the  organs; 
iu  four  out  of  six  lighter  Aases  examined,  in  the  urine. 
It  was  also  possible  to  demonstrate  that  the  same  or- 
ganism  was  present  in  the  bath  water,  which,  besides, 
caused  a  sickness  in  fowls.  Jager  pointed  out  the  great 
variability  of  his  organism,  and  beheves  that  sometimes 
the  Bact.  vulgare  may  be  actively  pathogenic.  Also  a 
series  of  other  cases  of  hifcctioUB  icteniB  are  to  he  referred 
to  proteua  infection — whether  all,  la  questionable. 

Experimental  Observations  Regarding  Pathogenic 
Properties. — Hauser  did  not  olitaiu  true  infection;  his 
animal  ex|)eriments  are  all  intoxications  with  the  meta- 
bolic prodvicts  (dyspnea).  Mcyerhof  has  produced,  with 
lai^e  quantities  of  slightly  virulent  proteus  cultures,  fatal 
disease  in  mice,  rabbits,  and  dogs,  accompanied  by  an 
increase  of  the  bacteria  introduced,  it  thus  being  a  true 
infection.  The  filtrate  of  the  cultures  was  very  weak, 
devitalized  (chloroform)  cultures  having  hut  little  effect. 

Virulent  forms  of  proteus,  when  injected  eubcutaneously 
in  an  animal  (rabbit),  prtiduce  putrid  absceBS.  This 
occurs  much  more  easily  it  other  organisms  (for  example, 
streptococci)  are  simultaneouBly  introduced  inUt  the  body. 
Slightly  virulent,  pathogenic  varieties  (staphylococci, 
streptococci)  increase  in  virulence  if  they  are  injected 
simultaneously  with  dead  or  living  proteus  cultures. 

0.  WysB  has  convincingly  demonstrated  Bact.  vulgare 
to  be  the  cause  of  a  disease  in  fish  (Z,  H.  xxvii,  143). 

Immunity  and  Serum  Reaction. — According  to  Car- 
bone,  it  is  posiiihlc  to  iinmuiiizo  animals  against  the  living 
bacteria  by  means  of  their  metabolic  products.  Accord- 
ing to  Pfaundler,  the  serum  of  animals  which  pass  through 
an  afebrile  proteus  infection  agglutinates  the  proteus  indi- 
viduals of  the  same  stock.  It,  however,  the  sickness  i* 
accompanied  by  fever,  then  no  aggluUna.\,\oti.  ClW?^a%,\N^. 
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in  Buch  a  eerum  the  organism  grows  out  into  long  threads. 
8iniil;ir  results — the  serum  being  active  only  or  especially 
against  the  particular  culture  employed  to  produce  the 
sickncsa  or  immunity — were  obtained  also  by  othere. 
Compare  S.  WoU  (C.  B.  xxv,  317). 

Related  Varieties, — Haiiser  (I.  c.)  has  designated 
with  the  name  Proteua  mirahilis  a  form  of  the  Bact.  vul- 
gare  ohanujterized  by  somewhat  more  feehle  liquefaction, 
and  producing  especially  strilling  involution  forms.  An- 
other he  has  designated  as  Proteus  Zenkeri,  which  does 
not  liquefy  gelatin  and  doea  not  any  longer  cause  vigorous 
putrefaction.  Those  forms  were  later  recognized  by 
Hauser  as  transformable  into  each  other  (C.  B.  xii,  629). 
Here  also  belongs  Gerdes'  eclampsia  bacillus.  On  the- 
contrary,  a  Proteus  horn  in  is  Bordoni-Uffreduzzi  (Z.  H.  n^ 
333)  certainly  belongs  among  those  related  to  the  Bact 
pneumoniie;  it  does  not  exhibit  motility,  formation  of- 
zoOgle^B,  nor  the  production  of  putrefacUon.  (Compaitt 
p.  22S. )  The  case  may  be  considered  as  similar  to  Bantl'd: 
four  "varieties  of  proteus"  (C.  B.  v,  207). 


Bacterium  murisepticum.     (Fliigge.)     Migula. 

(Piatt  ;u) 

Synonyms. — BikUIus  niuriaepticus  Flugge.  BacilluftJ 
of  mouse  sejiticeniiu  Koch. 

Li'iTufnrr. — Kocli,  R.,  WnndinfektionskrankheiteD,  p.  40; 
(C.  B.  XI,  110);  Liiffler  (C.  B.  xl,  lail). 

Microscopic  Appearance. — In  the  culture,  beautiful,  ,■ 
slender  rixls,  2—1  /i  linig,  0.4-ii  /i  thick,  straight  or  curvedl  T 
often  arranged  in  threads  (33,  viii).  In  preparations  dfl 
Brut»red  MinkI  the  organisms  are  only  about  1  f  long  a 
0.2-0.3  p  thick  (33,  ix). 

Motility  is  absent. 

Staining  Properties. — Slain  well  by  Gram's  method.! 

Relation  to  Oxygen. — Facultative  anaerobe.  Liboriutffl 
found  it  an  obligiitc  aerobe.  Many  cultures  grow  da«f 
oidedly  bt'ltor  when  air  is  excluded. 

Intensity  of  Growth. — <lrowB  rather  slowly. 

Gelatin  Plate. — ('ij  Natural  aizn:   After  three  or  iom 
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days    there   ia    a    very  shallow  depression,   in 
colony  rests  as  an  exceedingly  delicate  veil,  only 
guiahable  from  the  surrounding  medium  with  difficulty 
(33,  v).    The  plate  represents  the  colonies  as  too  distinct. 

(6)  MagnijUd  jifiy  times:  The  colony  is  visible  only 
with  a  very  narrow  opening  in  the  diaphragm.  It  is  not 
without  difficulty  that  one  observes  tlie  exceedingly  slight, 
delicate,  gray  growth  of  homogeneous  or  finely  granular 
character  and  diiTereutiatect  from  the  surroundings  with 
little  sharpness  (33,  vi).  When  magnified  90  times, 
there  is  seen  what  suggests  a  tangle  of  threads.  Other 
writers — for  example,  B.  Preisz — describe  the  colonies  aa 
somewhat  denser;  from  a  homogeneous  or  matted  nucleus 
there  radiate  outward  ramifying  and  interlacing  tlireads, 
which  sometimes  wind  like  a  eorkacrew. 

Gelatin  Stab. — After  a  few  days  the  stab  canal  repre- 
sents the  structure  of  an  exceedingly  delicate  fir-tree,  with 
branches  of  equal  length  throughout  the  entire  length 
(33,  III),  which  after  a  longer  time  become  in  part  more 
and  more  confluent  and  remain  as  delicate,  transparent 
clouds  in  the  gelatin.  Upon  the  surface  there  gradually 
forms  a  slight,  pointed  depression.  The  atypical  anthrax 
culture  (34,  v)  presents  a  similar,  but  very  much  coarser 
picture. 

Agar  Plate. — (a)  Natural  size:  Small,  very  insignifi- 
cant, whitisli-gray  points,  which  are  barely  visible  only 
when  examined  upon  a  dark  background. 

(6)  Magnified  fifty  timea.  Siipeifidnl :  At  first  gray, 
delicate,  veil-like;  later,  more  brownish  or  yellowish. 
The  homogeneous  structure  becomes  finely  or  moderately 
coarsely  granular  and  sometimes  looks  not  unlike  the 
granulation  of  a  finely  granular  Barcina.  Deep:  Round- 
ish to  whetstone- shaped,  yellowish,  homogeneous  (33, 
vii),  with  a  smooth  or  granular  border. 

Agar  Stab. — Similar  to  that  in  gelatin,  a  little  less 
luxuriant.  The  branches  may  be  entirely  absent.  Sur- 
face growth  exceedingly  delicate,  transparent,  spreading 
but  little,  colorless.  Sometimes  the  growth  is  indicated 
only  by  a  little  luster  (33,  iv). 

Agar  Streak. — Delicate,  exceedingly  thin  growth 
n). 
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Bouillon  Culture. — No  pellicle,  little  turbidity,  ■ 
IHtle  Bediment,  which  ia  very  slightly  coherent. 

Milk  Culture. — No  coagulation,  amphoteric  or  feebly! 
alkaline  reaction. 

Potato  Culture. — No  perceptible  growth. 

Chemical  Activities. — No  formation  of  pigment  otl 
odoriferous  Bubstances.  Our  culture  jjroduces  no  H^  or  J 
indol.  Petri  and  Maaseen  observed  vigorous  productioaV 
of  H,S.  A  little  acid  is  formed  from  grape-sugar  andl 
gelatin  is  very  slowly  liquefied. 

Distribution. — 

(a)  Ouldde  llif.  body:  Isolated  repeatedly  by  Koch  and i 
others  from  canal-water  and  putrid  mixtures  (putrid  mealy  [ 
yeast). 

(i>)  In  Ute  body:  Not  found  in  man,  for  whom  the  or- 
ganism is  not  pathogenic.  It  causes  mouse  septicemia, 
an  artificial  infectious  disease,  (hscovered  by  Koch,  which 
also  occurred  6]iontaneously  in  one  instance  in  Greifswald. 

Special  Culture  Methods. — Inoculation  of  a  white 
mouse  with  the  suapecteil  material.  Stained  smear  prep- 
arations, plates,  and  stab  cultures  are  made  from  the 
Mood  and  spleen,  where  the  bacteria  are  present  in  abun- 
dance. 

Pathogenic  Effects  upon  Animals.  —  Path<^nio'J 
(death  in  two  or  three  days)  for  bnuse  mice  (not  for  6eld> 
mice).  Symptoms:  Eyelids  stuck  together,  head  drawn  in 
a  tendency  to  sleep.  Also  pigeons  die  in  two  and  one-hal 
to  three  and  one-half  days  (Th,  Smith).  Rabbits  anS, 
guinea-pigs  with.stnnd  large  qnantitii-s  of  bouillon  culturar'l 
In  swine  it  produces  only  transitory  indisposition. 

Bacterium  eryslpelatos  suum.     (Loffler.)     Ml^la. 
(Swlnc  EtysipelBs^irnjiarfc,  Ilncilliis  of  Erynipu'w  «'  Swine.) 
EiicilhiB  rhnsiopiithic^e  snis  Kitt, 
£*ra*«rr.— UiffliT  (A.  O,  A.  I,  46).     Preiaz  |C.  B.  n,  IIO), 
Thie  organism  is  very  closely  related  to  the  one  causini 
mouae  septicemia,  being  identical  microscopically,  and  ths 
li  culture  18  (jxlremely  similar,  only  tlie  branches  are  a 
"b  more  sturdy  and  bristly  (33,  i).     When  the  ino<i9< 


BACTERIUM  EBYSIPELATOS  SUUST. 

lation  is  made  in  gelatin  from  the  blood,  accordiDg  to 
Lorenz,  the  branches  are  sonietiinea  aliiioBt  entirely  absent 
from  the  primary  cultures,  and,  instead,  only  nodules  and 
globules  are  seen  in  the  st&b.  The  principal  difference  lies 
in  the  gelatin  plate  colonies,  which  were  described  by 
Loffler  as  minute,  distinctly  visible  growths,  with  a  few 
irregular  radiations  (like  bono  corpuecles),  and  which 
were  found  by  us  to  be  constantly  somewhat  between  31, 
VI,  e,  and  31,  vn,  on  an  average.  Compare  Losener,  A. 
G.  A.  XII,  448.  There  is  intense  production  of  H,S,  and 
little  of  indol.     Some  acid  is  formed  from  grape-sugar. 

Regarding  a  rather  considerable  resistance  to  pickling 
and  smoking,  consult  Petri  (A.  G.  A.  vi,  266). 

It  causes  an  important  disease  of  swine,  young  animals 
o(  the  choicer  varieties  being  especially  affected.     Older 
animals,    and    also    younger    ones  of    ordinary   breeds, 
are  more  or  less  immune.      Upon  section  the  animals 
show,   besides  a  pakhy  or  diffuse  redness  of  the  skin,      ^^1 
which  is  often  very  marked,  also  subcutaneous  edema,      ^^M 
redness  of  the  pharynx  and  of  the  gastric  and  intestinal     ^^M 
mucosa,   swelling  of  tlie  mesenteric  glands  and  spleen,       ^^ 
parenchymatous  nephritis,  hemorrhages  in  the  kidneys, 
and  red  spots  in  the  lungs.     Consult  Graffunder,  Berl. 
tierarztl.  Wochenschrift,  1896,  No.  2. 

The  organism  is  not  pathogenic  for  man,  also  the  flesh 
of  swine  affected  with  erysipelas  is  harmless. 

Mice  sicken  and  die  after  feeding,  and  more  rapidly 
after  inoculation;  also  rabbits  usually  succumb  to  inocu- 
lation. 

The  differential  diagnosis  from  other  diseases  of  swine 
is  easy,  from  the  characteristic  form  of  the  individuals 
and  from  the  cultures  of  the  organism.  It  must  not  he 
forgotten  that  redness  of  the  skin  in  patx^ibes  occurs  in 
many  diseases  of  swine,  as  in  Loffler-Schutz's  swine  plague 
(see  p.  254). 

Protective   Inoculation.— Animals  may  be   actively 
immunized  with  attenuated  bacteria  (Pasteur),  with  de- 
vitalized bacteria,  with  body  juices  (Emmerich)  and  blood- 
^m     serum  (Lorenz,  C.  B.  xix,  168). 

^L         According  to  Vogcs  and  Schiitz  (Z.   H.   xxvni,    38),  j 

^H     QO  method  has  stood  practical  tests.     The  e«<c\u&.tA  %k<-        ^ 
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lively  iiumunized  aaimols  possesses  active  hacteriddal  eab- 
stances.     In  the  place  last  referred  to  U  also  fouDd 
extensive  review  of  the  literatures 


Bacterium  of  Brick-pock  i  Backsteinblattem). 
L^renz  |C.  B.  xi,  672J. 

A  diseBBe  of  swine. — evidently  to  be  coaeidered  us  a  [orm  of  si 
erjmpehut, — wliich  almort  always  mns  a  lavomblc  courw.  has  bret) 
den^hnj  by  IxireiiE  us  hrick-pocJi.  and  he  luis  aitcrilied  it  to  nn  orpin- 
ixin  which,  u|iod  suticntaneuua  iuocuLition,  stands  midway,  as  to  Tim- 
lence  tor  swine,  t)etween  monse  septicemia  and  swinp  erysipelas. 
Alter  inocirUtioo  with  it.  swine  become  immune  to  swine  erysipelaB. 
Itsbbita,  on  the  contnirj,  in  a  very  interestinfi  manner  are  much  auxt 
suBoeptible  U>  brick-pock  than  to  swine  erysipelan.  They  always  siic- 
ounib  to  brick-pock  intet^ion,  bnt  may  be  immunized  with  swine 
erysipelas  af^atinxt  brick-pock.  Ijoreni  likewise  holds  that  swine  ery- 
sipelaB,  mouse  septicemia,  and  brick-pock  are  producrd  by  forms  at  aae 
oripinism,  even  if  the  transformation  of  one  form  into  the  otLer  has 
not  been  entirely  suooesaful. 

3.  Bacillus  F.  Cohn,  emend.  HQppe. 
Straight  roils,  oftt-ii  gn.>wing  into  tlirfail:?,  uften  of  c 
siderahle  thickness,   rarely  less  tliaii  0.6,   usually  moi 
than  0.8  ;*.     They  forra  endospores. 

Key  to  the  Recognition  of  the  More  Important 
Varieties  of  the  Genus  '  Bacillus. - 

patllogFIiic  imi-n  riCMT  riinii  hihiii-s  in  tile  oniiiiti)  body,  but  (inljr  fi 
onltun*  witli  oxyictin  admitted  (uinipure  also  p.  310).  Almuel  aU  ii 
OoltarvH  ipuw  iut«  lung  threads  with  central  spores. 

'  ReKanllnic  our  insnfKeieiit  knowledfie  of  thit  fct-nus,  consalt  the 
BlatcmviitB  upiin  potce  3011  and  in  the  discusiion  of  the  aiuwirohee. 
Nnmcnius  new  aerobic  varieties  are  duocribcd  bv  Burotiant  (A.  K. 
II,  !)■ 

•  The  genus  Tyrothrix  Diiclaiii  in  incladcd  in  the  bHcilli.  It 
dmignates  primarily  varietivs  originatliii;  from  milk  and  chevae,  which 
form  sporeM  and  gnivi  into  long  threads.  Two  species  are  described 
below:  Bac.  tenuis  and  Bnc,  Ki'niuulalus.  The  moat  remarkable 
Bt*t«meiitfl  of  W.  Winkler  rrKHnlinB  pxtruordinary  biolofjic  and  mor- 
pha)o)po  variubility.  cspn-iuUv  in  tliu  Boct.  tennis  (C.  R.  1.  I,  657), 
oonld  not  Iw  woi'  by  utuaelves  (see  Qnit  edition)  or  by 
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(A)  !9ab  eMtirf  i»  grlaitH  with  prof  feting  hnrnrhai : 

1.  Umiichra  diatinot,  usiuilly  only  in  the  upper  part  of  the  stAb. 
Agar  pluti;  uolonies,  wht^D  luagniHMl  HO  times,  have  beantifnl  r<«ular 
curls.  Agaratreak  culture  without  bnuiuhm,  wide, wliite with  ail- 
vet^  veeiales."  Never  motile.  Pi*thogeai<!  lor  auiiuiila.  Bac.  an- 
thracis  Cohn  and  Koch  (p.  307). 

•i.  Branehvs  delicute,  extending  olon^  the  entire  length  ot  the  stab. 
When  nuiguified  ^  times,  the  colonies  m  the  iH<ar  plate  exhibit  iireg- 
nlar  ontfp^wth?  in  tlie  torm  ot  roota  or  the  nijceliiiiu  of  molds.  Agar 
sinak  uultnre  hae  lung,  delicate,  parallel  tranBverse  braiiuhea.  Slug- 
gishly mottle.  Nut  patht^nio  for  aniouils.  Bac.  mycoides  FKIgge 
(p.  316), 

(/J)  Stnb  culture  in  gelatin  irithout  pnget^ing  branckea;  molility  4e- 
pmdeM  vpm  periiriehoug  JUigella ; 

1.  PotAto  growth  at  liiBt  moist  and  flat,  later  (about  eight  days) 
with  s  distinctly  mealy  sprinkling.     Bac.  aubtilia  Cohn  (p.  317). 

2.  I'otalo  growth  moderately  elevated,  not  chariKiteristio,  resem- 
bling  Buct.  ocili.  Bac.  aiaJaticus  Zopf,  butyrieus  Hiippe,  mega- 
thermtn  De  Bory  (pp.  321,  323,  and  323). 

3.  Potato  culture  laxnriont,  moisl,  iotenselr  yellnw.  Agar  moiat, 
mustard  yellow.     Jjatcr  reHenibles  vulgntUH.    Bac.  luteus  L,  and  N.' 

4.  Potato  is  not  cbnracteristic  during  the  firat  daya;  later,  there 
forma  a  diatinot,  wrinkled  elevation. 

(a)  The  folds  are  padded,  tike  coils  of  Intestini^.  Bac.  vutgatus 
(FluKge)  Mignla  (p.  333). 

(6)  The  folds  are  low,  reticulated.  Growth  yellowish.  Bac. 
iHEBenlericua  (Flufige)  Le'hm.  and  Neum.  (p.  32tl). 

(c)  Growth  moist,  wrinkled,  l)emdc«  the  piitato  ia  deep  black.  Bac. 
titenimuB  Lchm.  and  Neuni.  (p.  33P). 

(if)  Growth  rose-colored,  a  little  wrinkled,  gelatin  smoky  brown. 
Compare  also  Bac.  luesentericus  mber.  Bac,  gangrKnx  pulpse 
Arkovy  (L.  andN.)  Ip.  328). 

6.  The  potato  growth  is  delicate,  aympy,  clear.  Bac,  liodennoB 
(Fliigge)  Ijehm.  and  Neum.  tp.  398). 

II.  Akaebobic  Vabietikw  (of  which,  certainly,  partially  aero- 
bio  forms  exist).  Only  exceptionally  form  long  threails.  .Slaining  by 
Gram's  methml  mrely  well  develoiwd  (the  Bac.  t«tani  stains  well}. 
Spontaneous  motion  dependent  npon  peritricbons  fla^Ua  is  rarely 
Inokiag.  The  spore  ia  nsnally  located  at  the  end  (paraplectmin  form) 
or  at  tiie  middle,  tunutlly  with  some  bulging  (Clostridium  fonn).  In 
most  varieties  both  forms  of  aporulntion  occnr.  Tlie  reonguitiou  of 
the  individual  varieticH,  which  is  often  very  difficult,  and  even  iiupns- 
rible,  may  be  rendered  soniewliat  easier  by  means  of  the  following 
scheme: 

(A)  Pathogenic   Varirtien. — 


i>  fur  a 


e  know,  it  hna 


Wittlin  (C.  B   L.  n,  475);  i 
not  been  npheld. 

*«  details  reganling  this  organism,  compare  Bacillus  lute 
sporogenes  Wood  Smith  aud  Baker  { B,  C,  L.  iv,  p.  788). 
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1.  Id  a  deep  cutaneous  pocket  in  lUiinials  no  li 
produced,  but  ouly  or  preponderant);  nervous  eynit 

(a)  Produt*«  ttUunis.  Bac.  ictaoi  Nicolaier  (y 
{3)  Causes  sympUimH  of  botulism:  disturbanoea  of  the  ii 
tioii  of  the  pupils  and  aooonimodation,  aphonia,  paresis  iu  the 
re^oti  of  the  tongne  awl  pharynx,  disturboiioes  of  the  salivary 
and  mucous  secretions,  etc.  Bac.  botulinuB  v.  Enneogem  (p. 
337). 

2.  Wlien  iiitroilnDe<l  into  a  ilcep  outaneous  pocket  in  animaln,  it 
oanses  local  bloody,  o(t«n  emphysematous  edema.  The  orgnnism 
spreads  iu  the  body,  especially  Lu  the  edema.  Guinea-pigs  are  espe- 
oiolly  suHoeptible.' 

(u)  Motile, 
^u)  Iu  the  edema  growing  i: 
present  in   the   bile.      Vtri 
nnlrient   media  darkened. 

Bac.  oedematis  malign!  (  Koch)  Fliigge  {p.  341). 

(^)  No   long   threads   iu   etienia;   usually  only  pairs,     llHually 

slightly  pathogenic  for  raijbite  and  mice.     Always  found  in  the 

bile.     Brain  imtrietit  media  not  darkened.     Uflitally  stained  by 

Gram's  metliod.     Bac.  Chauvcei  of  Freneh  anthora  (p.  339). 

(&)  Not  motile.     Disease  pietnre  similar  to  xyniplomatic  anthnwx, 

but  there  is  a  tendency  to  grow  into  long  threads.     Bac.  phlefinonis 

cmphysematoBeE  E.  Frankel  (p.  344). 

3.  Only  known  as  injurions  to  beea.  Bac.  alvei  Chesire  and 
Cheyue  (p.  345). 

(B|  fEymojKni'c  Yarirlifx. — 

A  large  group  which  has  not  yet  been  efficiently  cleared  np.  Com- 
pare jHigE  34.'>,  etc. ;  olHo  especially  page  348.  Here  belong  many 
(onoa  producing  butyric  acid. 


o  long,  jointed  threads,  nsually  not 
'   pathogenic  for   rabbits.      Brain 

"  t  stained  by  Gram's  method. 
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Introductory  Remarks  to  the  Special  Description 
the  Aerobic  Varieties  Here  Given. 
(Common  Characteristics.) 

All  of  the  varieties  described  in  what  followa,- 
anthractfl,  mycoidcs,  subtil  is,  m^atheriiim,  butyrii 
viilgatuB,  meseTilericiis,  aterrimus,  liodermos, — which 
very  cloBely  related  to  eucli  other,  have  the  following 
biologifi  properties  in  common,  which  may  be  given  here 
(or  all  of  tliem: 

'  Son-pothogenic  fultnres  cannot  always  tx'  diagnosed  with  oer- 
talnty  from  tlie  morphologic  and  hiotogie  pnipenien. 

'Compare  also  the  Hue.  Hporogrnes  (Klein)  L,  and  N.  (p.  SW), 
which  occupies  a  place  midway  between  malignant  edema  and  i^ymp- 
"nuatio  anthrax;  alao  the  pseaHoedema  bacilli  (p.  343). 


BACILLUS  AUTHRACIS. 

1.  Gelatin  is  liquefied. 

2.  Milk  is  alkaline  or  very  feebly  acid  in  reaction,  is 
coagulated,  and  later  the  coaguluTn  is  dissolved. 

3.  All  form  little  acid  from  grape-sugar  (see  Table  I,  at 
end  of  the  book,  for  quantitative  statements)  and  no  gas. 
From  milk-sugar  there  is  formed  little  or  no  acid, 

4.  No  indol  ia  formed.  The  production  of  II^S  is 
variable,  never  abundant. 

5.  All  are  stained  by  Gram's  method. 

The  equipment  with  flagelia  appears  also  in  this  group 
to  be  valuable  for  the  diagnosis  of  species  only  witli  great 
precautions.     When  present,  they  are  peritrichoua. 


Bacillus  anthracis.     P.  Cohn  and  Kocb. 

(PLika34,  35,uud36.) 

Ordinary  Names. — Anthrax  bacillus,   Bact^ridie  du 
charboii. 

Microscopic   Appearance. — In   the  animal   body  it 
occurs  as  large  vigorous  rods,  3-10  ii  long,  1-1.2  /i  thick, 
which  are  often  arranged  in  longer  or  shorter  chains  (36, 
i).     The  ends  in  fresh  specimens  are  a  little  projecting 
(rounded);  after  drying  and  staining,  they  appear  aquare- 
cut  or  slightly  concave.     To  demonstrate  tlie  capsules, — 
which  are  always  well  developed  in  the  animal  body,  fluid  ' 
blood-serum,    and    brain-agar    mixture, — the    directions   1 
given  in  the  technical  appendix  are  to  be  followed.     Ac- 
cording to  Kern,  capsules  may  be  demonstrated  in  old  j 
cultures  upon  most  variable  nutrient  media.' 

In  artificial  nutrient  media  the  bacilli  grow  into  long  | 
threads,  placed  parallel  or  somewhat  twisted  and  en- 
tangled (36,  n),  which  either  produce  spores  (see  below) 
or  perish  in  the  formation  of  bizarre  involution  forms  j 
(36,  v).  The  threads,  even  when  unstained,  give  indi- 
cations of  their  being  composed  of  separate  bacilli  ('~ 
vi).     This  is  eapecially  distinct  after  staining. 

'Noetivl  baa  also  demonstntted  cni^alnt  in  QniloTibbxI  "cadAver    , 
bacilli,"  anii  thin  poinb  uiit  how  unatktc  it  is  to  allow  the  diagnoHis  of 
acthmx  t(i  rest  upon  tlie  denionatrAtion  of  cupsules,  n-liioh  is  oT'" 
Teiy  much  overeetimated  bj  veterinarians.     (C.  B.  Xlx^  Affi^.'^ 
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Motility. — AlivuyB  is  absent.     To  this  no  excepUoi 
known. 

Staining  Properties. — Stains  with  all  anilin  djes  a 
by  Gnim'B  nu'tliod. 

Relation  to  Oxygen. — Grows  best  when  oxygen  is 
a<]niitli-il.  Wlirii  uxy^'i'n  is  excluded,  it  grows  poorly 
aiiii  withiiiii  liiiui>f:iftiijii.     There  is  no  growth  in  CO.. 

Intensity  of  Growth. — Grows  rapidly,  eepecially  at 
37°.     Lower  limit,  of  growth  at  14°  (KitaBato). 

Gelatin  Plate. — f'l)  JVtUtiral  size.  Superficial  colony: 
Whitish,  niiind;  after  throe  or  four  days,  deeply  sunkeiL 
Also,  upon  longer  standing  the  liquefaction  only  extends 
slowly.  In  the  middle  of  llie  abrupt  crater  there  lies  a 
white,  crumbly,  poorly  defined  muss,  the  remainder  of  the 
contenta  of  the  liquefied  area  being  rather  clear,  but  the  _ 
outermost  peripheral  zone  Ib  BOtnewhat  tnrbid  again  (35,  v}* 

(6)  Magnijkd  aei-fnty  times:  The  colonies  when  thraa 
days  old  appear  distinctly  darker  than  on  agar.  Near  tfae^ 
center  grayish-yellow,  toward  the  edge  more  distinctly 
transparent.  At  the  periphery  the  formation  of  locks 
ie  clearly  seen,  but  toward  the  center  they  become  very 
dense  and  indistinct  (36,  vi).  The  liquefaction  is  recog- 
nized as  a  (grayish  reflen.  I<ater  an  irregularly  outlined 
ball,  devoid  of  distinct  Inriks,  floats  in  the  liquefied  I 
medium. 

Gelatin  Stab. — Along  the  stab  there  forms  a  thick 
white  thrfad,  from  which,  as  a  rule,  only  in  the  upper  part 
(34,  II),  more  rarely  throughout  the  entire  length,  long 
(34,  I)  or  short  (34,  iii),  bristly,  distinct  outgrowths 
extend  outward.  Sometimes  the  growth  of  hairs  fails 
entirely  (34,  iv),  Also  the  direction  of  the  lateral  out- 
{{rowths  varies;  many  times  they  are  tangled  together 
(84,  V).  After  twelve  to  twenty  hours  there  h^ns  a 
slowly  progressing  liquefaction,  with  limited  depression  of 
the  surface  of  the  gelatin.  The  liquefaction  at  first  is 
'  cap-8haj)ed,  later  cylindric.  The  content  of  the  funnel 
IB  Bomelimos  diffuselv  cloudy  with  white  crumby  floccDli;! 
at  other  tinips  the  floeculi  settle  down,  leaving  a  dearl 
liquid  gelatin  almve.      No  pellicle  is  ever  formed.  ^ 

Agar  Plate. — ^a^  Natural  siie.  S>iperjici'd  colanwia 
oim,  white,  with  a  play  ot  yellow,  moistly  shining,  u 
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little  elevated,  roundish.  Deep:  Punctiform  and  perma- 
nently small  (35,  ii).  The  structure  is  the  same  as  given 
for  the  agar  streak. 

(6)  Magnified  Jijly  limes:  Deep  and  superficial  colonies 
present  great  differences.  The  lomier  are  usually  whet- 
stone-shaped, roundish,  greenish-gray,  hecoming  yellowish 
toward  the  center.  The  perijiheral  zone  consists  of  coarse, 
dark-colored,  crumbly  masses,  which  are  continued  as 
shorter  or  longer  outgrowths,  composett  of  little  liairs, 
crumbs,  and  granules.  If  Ihe  colonies  lie  near  the  surface, 
outgrowths  are  formed  at  the  periphery  which  resemble 
hairs  or  locks  of  hair  (35,  i,  i).  The  same  completely 
surround  the  surface  colonies  (36,  i,  e).  The  colony  then 
gives  the  impression  of  a  ball  of  wool  or  tangled  hair  of  a 
yellowish -gray  color. 

(c)  Magnified  150  timen.  Superficial  colony :  The  curly 
hairs  appear  as  exceedingly  long  threads,  which  at  the 
periphery  lie  singly,  and  toward  the  interior  in  parallel 
collections.  These  arc  regularly  arranged  like  locks  of 
hair  (often  intertwined  like  a  whip-cord)  (35,  iii).  Deep 
colnnies:  The  outgrowths  of  the  deejily  located  colonies 
present  coarsely  granular,  very  irregular  clumps,  which 
are  usually  connected  by  means  tif  nodular  branches  and 
fine  proce8.ses.  The  colony  does  not  present  any  center 
proper,  hut  is  very  irregularly  torn  and  exceedingly  poly- 
morphous. 

Agar  Stab.  —  From  the  stab  canal,  which  remains 
white,  there  extend  outward  longer  or  shorter  hairs,  which 
become  shorter  as  they  are  lower  in  the  stab,  and  which 
terminate  at  times  in  curls  or  email  clumps  (34,  vii).  The 
surface  growth  is  roundish,  regularly  spreading,  with  a 
smooth  border,  a  little  elevated,  with  a  fatty  luster,  and 
gray,  bluish,  or  yellowish-white  in  color.  After  a  longer 
time  there  is  often  observed  a  formation  of  concentric 
zones  (34,  ix),  or  also,  in  other  cases,  of  distinct,  radiating 
folds  passing  outwnnl  from  the  center  (34,  viii). 

Agar  Streak.— The  growth  remains  limited  to  the  in- 
oculation Ktreak;  smooth  edge,  usually  wavy.  The  color 
is  grayish -white,  somewhat  transparent  at  the  edge.  The 
entire  growth  impresses  one  as  if  there  were  innumerable 
tiny,  silvery  air-bubbles  lying  beneath  the  Bur{aic;£. 
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water  of  condensation  ie  clear  or  slightly  turbid,  with  a 
little  cloudy  sediment  (34,  vi). 

Bouillon  Culture. — Homogeneous  precipitate;  bouil- 
lon clear,  with  most  delicate,  floating  clouds.  No  pellicle 
is  formed. 

Milk  Culture.— See  page  307. 

Potato  Culture. — Rather  dull,  grayish-white  or  white, 
moderately  ulevated  growth,  Hralted  to  the  inoculation 
Btreak.  The  border  is  wavy,  Bonietimea  notched.  The 
growth  stands  out  distinctly  from  the  potato  only  when 
the  latter  is  somewhat  discolored.  The  appearance  as  of 
"  silvery  vesicles  "  is  also  obstTved  here,  as  in  the  agar 
Btreak  (3.5,  vu). 

Conditions  of  Spore-formation. — At  temperatures 
above  12"  there  are  formed  in  cultures  which  have  the 
necessary  supply  of  oxygen,  oval,  highly  refracting  spores. 
The  higher  the  temperature  (optimum  37°),  the  more 
rapidly  the  sporulation  occurs;  at  the  optimum,  sporular 
tion  may  be  completed  in  liighteen  to  twenty  hours. 
Giinther  gives  the  optimum  at  28°;  at  higher  tempera- 
tures the  sporulation  is  not  so  regular.  Weil  obtained  the 
most  resisting  spores  at  37°. 

Regarding  the  morphology  of  spore- formation,  see  page 
26,  etc.  Plate  36,  vi,  shows  the  picture  of  tine  bodies 
(spore  antecedents)  at  regular  intervals,  occurring  after 
four  to  eight  hours  at  incubator  temperature;  Plate  36,  m, 
repreeenta  mature  unstained,  and  Plate  36,  iv,  mature 
Btained  spores. ' 

Regarding  the  germination  of  spores,  see  page  27. 

Spores  are  never  formed  in  tlic  living  animal  nor  in  un- 
opened cadavers  (poverty  of  oxygenl;  on  the  contrary, 
tney  are  formed  upon  anthrax  meat  after  cutting  it  up,  in 
y  bloody  dejecta,    etc.     Weil  ha^  also  observed  anaerobic 

'  Chanveao  and  Phisolix  (Comp.  rend.,  Ifl95,  SOU  havedemribeda 
PoTma  claviformiB,  nhioh  ft]iorulat«a  like  the  Boot.  t«taiii.  l^iitoe  we 
are  here  draling  with  an  aheolutelT  non-vimlent  torni.  cultiTated  im\j 
in  flaidx,  and  nnt  Htudled  as  to  iM  morpholo^  properties  upon  mIu 
nnlrient  media,  it  appears  Ui  us  that  the  powibility  nt  a  Bobstitntian 
Uimu§;h  a  oon lamination  is  not  eirlndifl,  even  tliou^h  previous  treat- 
'  nent  with  this  ofKaniam  prnlon^iiH  lite  a  little  in  animals  after  the 
Introduetion  ol  vimlent  anthrax.    The  obaerratioa  de.'vrree  taooh 
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sporulation  and  a  germination  of  epores  without  oxygen 
upon  pieces  of  potato,  quince  juice,  etc.  (A.  H.  sxxv,  355). 

Upon  fresh  nutrient  media  spores  germinate  in  a  few 
hours. 

Cultures  which  are  not  transferred  for  a  long  time  often 
lose  spontaneously  the  ahility  to  fonn  spores.  Tlie  bacil- 
lus may  be  deprived  of  its  ability  to  form  spores  by  culti- 
vation upon  nutrient  media  containing  carbolic  acid,  or, 
with  more  difficulty,  upon  media  to  which  are  added 
bichromate  or  hydrochloric  acid.  Different  cultures  vary 
much  as  to  the  ease  with  which  they  become  asporogen- 
OUH.  All  agencies  which  reduce  the  virulence  also  operate 
unfavoralily  upon  the  sporogenous  function,  yet  these 
properties  are  not  necessarily  associated ;  there  are  viru- 
lent a3por<^nou8  and  absolutely  non-virulent  sporo- 
genous  varieties.  Phisalix  found  in  long  cultivation  at 
42°,  with  frequent  reinoculation,  that  tlie  ability  to  form 
spores  at  42"  was  gradually  lost,  but  later  the  bacilli 
were  also  unable  to  produce  spores  at  30°.  While  at 
firet  the  sporogenous  function  was  recovered  by  inocu- 
lation of  a  mou.'ie,  after  14  re  inoculations  at  42°  the 
BporogenouB  function  was  finally  completely  lost.  The 
remaining  virulence,  still  present  at  that  time,  after  the 
twentieth  generation  at  42°  was  also  lost  (C.  B.  xiii,  533). 

Viability  and  Reslstani  Properties  of  the  Bacilli  without  Spores 
(Compare  Momont,  A.  P.,  18i)2,  21). — (o)  In  cnltnres  thi'  B.  onthracis 
tuaintains  itsplf  (Ihroii^li  Hpore-formnlioD  !  )  for  many  months. 

In  water ;  Id  an  iotuibibed  aqoariiim  Hiibcr  [onoil  it  deoil  iD  three 
to  four  days. 

In  soil :  Hoist  anthmx  blood  ia  n^ndered  free  of  germs  in  twelve  to 
fourteen  linnni  by  naalight. 

(S)  Drying :  Aocording  to  Koch,  they  remain  alive,  when  dry,  for 
five  weeks  at  most ;  also  in  \b.t^  dried  pieoes  of  meat  they  die  in  a 
tew  weeks.  Bacilli  in  dried  btood  eniluro  93°  for  one  iinii  one-half 
lionra,  ore  kill«l  hy  liglil  in  vacuum  in  eleven  honrs,  and  with  adniis- 
sion  of  oxygen  io  nine  honis. 

(c)  Salting  does  not  kill  anthmx  bacilli  in  ham  in  fourteen  days, 
but  does  in  His  weekH  ( Peooh ) . 

(d )  Moist  htat  at  60°  kills  rapidly. 

(e)  Cold  :  With  an  outside  temperature  of  from  — 1"  to  — 24° 
(avenue  nt  — 10.4°)  bacilli  in  agar  cnltnrefl  were  dead  in  great  part 
in  twelve  days  and  slmoat  eompletoly  in  twenty-four  days.  TTih  tew 
which  remained  alive  prodnoeil  ou  Itnres  with  lessened  power  of  pro- 
dooing  disease  and  of  liqnefying  gelatin. 
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Vitality  and  ReBistant  Properties  of  the  Spores. — .Stored  in  ndry  1 
oonditiou,  the  itoralion  or  UIi;  appears  anlimilMl.  Spores  remaiiMid 
alive  in  diSerent  samplcflof  water  and  earth  (wit)i  di&eirnt  conditioDS 
utn  moisture  I,  in  piitrid  spleen,  nnd  iu  sewer  controls  for  one  ftud 
one^iuarter  to  two  and  tbree'qiiBrtcr  yean4  (Siiviia  and  Souliod,  C 
B.  svii,  318). 

liej^rding  the  varying  resistance  tji  heat,  see  page  53;  to  chetniolB,  I 
eee  p>^^  53;  to  light,  see  page  53,  Mormont  fomul  the  iwisbyKW  to 
ligtil  very  greut:  nporvs  iu  wati^r  die  in  sunlight  after  torty -tour  huun;  J 
when  <lry,  thev  endure  sunlight  well  for  one  hundred  huan  wftli  | 
kdniiieion  of  air,  and  for  one  handred  and  ten  hunre  with  endoBtaa  i 
of  oir.     The  nii»t  rcaiataiit  spores  were  olitjLinc.il  by  Weil  at  37°,  I 

Chemical  Activities.— Only  tliosc  mentioned  in  the  I 
introductory  remarks  (p.  307)  are  known.  The  acids  i 
formed  are  acetic  and  caproic.  There  is  slight  formation  i 
of  H^,  and  none  of  indol.  Specific  toxins  could  not  be  I 
obtained  from  cultures  hy  most  wriU^^rs.  Compare  tim  i 
ntoBt  nrianit,  entirely  negative,  critical  and  experimental  I 
Htudy  of  Coiiradi  (Z'.  II.  XXXI,  286).  | 

Distribution. —  J 

(«)  OuUide  the  body :  So  far  found  only,  and  always  in  i 
the  form  of  spores,  in  places  or  on  olijecte  which  were  4 
contaminated  with  anthrax  blood,  etc ;  for  example,  bam  | 
floors  where  anthrax  cadavers  had  been  skinned  (G,  ] 
Frank),  skins,  woo!,  and  hair  of  anthrax  animala,  brushee  1 
prepared  from  tlie  same,  etc.  They  have  not  been  demon-  j 
Btnttetl  in  the  water  and  .soil  of  anthrax  niciidows.  j 

(b)  In  man  conneetei}  with  disease:  As  the  cause  o(  I 
cutaneous  anthrax  (nialigniint  pustule),  inhalation  anthrax  I 
(rag-pickers'  and  wool-sorters'  disease,  in  the  majority  of  1 
the  cases),  and  intostinal  anthrax.     In  the  first  form  tbe  J 

.  bacilli  are  only  at  the  affected  placte  and  in  the  lymphatics  1 
■leading  therefrom;  in  the  other  forms  they  are  also  found  J 
|ln  the  bloiKl,  I 

(c)  Inanimah:  Common  disease  in  cattle  and  sheep,  J 
Ktare  in  horses  (ver\-  rare  in  swine),  which  graze  in  anthrax  1 
■meadows.  The  infection  takes  place  with  prepondemUng  1 
■  frequency  through  the  intestines  by  means  of  sporea.  j 

Regiir<ling  the  findings  upon  section  see  jwige  313, 

Experimental  Observations  Regarding  Pathogenic  J 

I  Bffet^B. — Especially  susceptible  are  guinea-pigs  and  rah-  j 

I  bite;  somewhat  less,  sheep  and  cattle;  much  less,  horses,   j 

vBsts,  eepecially  dark-colored  onos,  are  often  quite  highly  I 
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imraune;  white  ontis  always  succumb,  at  least  to  a  manifold 
infectioD.  Swine,  dogs,  hens,  and  pigeons  enjoy  a  very 
considerable,  and  the  adult  animals  not  infretjiiently  a 
complete,  immunity.  (Regarding  the  variation  of  the 
same,  see  p.  96. )  Frogs  are  killed,  when  kept  warm,  by 
ordinary  anthrax;  or,  without  warming,  by  anthrax 
adapted  to  cold  temperatures  (Dieudonne)  (p.  45).  For 
the  susceptible  animals,  every  possible  method  of  intro- 
duction of  anthrax  bacilli  and  spores  is  siiccessful.  Feed- 
ing spore-free  bacilli  is  especially  uncertain  (gastric  juice 
kills);  BubcutaneouB,  intravenous,  intraperitoneal,  espe- 
cially respiratory  introtluctioiis  of  bacilli  or  spores  are  suc- 
cessful. After  sulicutsneous  inoculation  the  animnls 
show  no  symptoms  for  several  hours.  Frank  and  I.u- 
barsch  found  that  in  the  inoculation  of  guinca-i>igs  with 
an  anthrax  culture,  which  killed  in  tliirty-four  hours 
after  subcutaneous  infection  of  the  animal,  the  bacilli 
first  appeared  in  the  blood  seventeen  to  twenty-two  hours 
after  the  infection.  The  section  of  the  infected  animal 
usually  presents  the  ])icture  of  a  septicemia.  Besides 
hemorrhagic  edema  of  the  subcutaneous  tissue  (especially 
in  the  region  of  the  point  of  inoculation),  effusion  into 
the  body  cavities,  and  splenic  tumor,  there  are  no  espe- 
cially characteristic  chang(«.  The  bacilli  are  found  in  the 
blood,  local  edema,  and  in  all  the  organs,  especially  in  the 
spleen,  hut  in  variable  numbers. 

Variations  in  the  virulence  of  the  B.  anthracis  have 
been  especially  carefully  studied.  The  virulence  in  ordi- 
nary cultivation  is  not  very  easily  nor  very  much  reduced, 
yet  it  is  very  easily  attenuate  by  heat,  chemicals,  cte., 
until  no  virulence  remains.  fSee  p.  ^A.)  Tavel  once 
oliserved  an  anthrax  bacillus  (originating  from  smoked 
ham)  which  killed  mice  only  aftfr  many — as  much  as 
thirty-two — days,  and  yet  a  man  was  killed  from  eating 
this  ham. 

By  inoculation  of  cows  and  sheep  with  cultures  of  tittle 
virulence  there  is  obtained  a  slight,  and  by  BubH«iiient 
inoculation  with  more  virulent  cultures  a  pronounced, 
immunity  (similar  experiments  fail  in  mice  and  guinea- 
pigs,  but  sometimes  succeed  in  rabbits),  which,  indeed, 
ooes  not  protect  against  the  deleterious  effftc*.  «1  feefewi^ 
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large  quantiUeB  of  virulent  Bpores  (Koch),  but  has  proved 
very  BucccBsful  practically  iu  anthrax  regionB  (Pastonr). 
Hankin  has  tried  to  produce  au  immuuity  in  animals 
with  the  metabolic  products  of  anthrax  without  pogjtive 
results;  the  serum  from  sheep  in  which  a  very  high  active 
immunity  has  been  produced  possesses  immunizing  action 
only  for  sheep  and  not  for  rabbits  (Sohemheini).  The 
bactericidal  power  of  the  eerum  in  vitro  is  not  increased 
over  the  serum  from  normal  animals.  The  senira  does 
not  cause  agglutination,  Sobernheim  considers  the  in- 
jection of  a  mixture  of  ienmune  sheep  serum  (IB  c.c.) 
and  attenuated  bacilli  (^^  loopful)  to  be  the  most  certain 
method  of  conferring  a  more  lasting  vaccination  protec- 
tion (Sobernheim,  Z.  H.  xx\',  301;  and  xxxi,  89). 
Emmerich  and  Low  Imve  observed  very  noticeable  cura- 
tive and  immunizing  results  in  rabbits  from  pyocyanaee 
(p.  110). 

Special  Methods  for  Demonstration  and  Differen- 
tial Diagnosis. — If  the  question,  as  is  usual,  is  one  of 
diagnosis  in  an  infected  man  or  animal,  very  often  a  good 
preparation  of  smeared  hlnod  stained  by  Gram's  method 
gives  valuable  results.  For  the  differential  diagnosis  ordi- 
nary agar  plates  are  e9(>eciaUy  to  be  prepared,  which,  after 
seventeen  to  twenty-four  hours  in  the  incubator  at  37", 
present  spores  within  threads.  Also  observations  as  to 
motility  are  useful,  as  also  are  sugar-agar  shake  cultures. 

jT/ie  Differential  Diagnogis  Mtoeen  the  T'arirftes  which  moH 
0>nie  in  Qiiention  iiuti/  be  Jteprexented  (m  FoUoks: 
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The  result  is  always  obtained  with  absolute  certainty  in 
thirty-six  hours. 

For  the  diffGrential  diagnosis  between  symptomatic 
anthrax  and  malignant  edema,  see  page  314. 

It  may  be  difficult  to  differentiate  an  anthrax  bacillus 
from  soil  from  the  closely  related  spore-forming  varieties. 
If  a  virulent  form  is  in  question,  then  the  inoculation 
with  a  sample  of  earth  into  several  guinea-pigs  will  often 
decide  the  question.  The  dead  animals  will  be  examined 
as  described  above.  Thus  it  is  possible  that  ouo  animal 
dies  of  anthrax,  others  of  malignant  edema,  tetanus,  etc., 
the  causes  of  which  were  all  present  as  spores  in  the 
sample  of  soil.  Non-virulent  fonns  of  anthrax,  isolated 
from  soil,  are  only  recognizable  by  comparison  with  known 
anthrax,  whereby  the  five  species  of  the  table  {p.  314)  are 
to  be  excluded. 

The  following  are  described  as  closely  related  to  anthrax: 

B.  pseudanthracis  Burn.  According  to  Hartleb  and 
Stutzer,  it  is  widely  distributed  in  American  meat  powder. 
The  cultures  isolated  from  different  samples  were  not  ex- 
actly identical.  The  cultures  are  motile,  especially  wlien 
grown  in  bouillon.  Also  it  is  important  that  in  bouillon 
there  is  first  diffuse  turbidity,  then  a  clearing  up,  with  the 
formation  of  a  precipitate  and  pellicle.  All  othercharac- 
teristics  are  deceptively  like  those  of  anthrax.  Its  viru- 
lence for  mice  and  guinea-pigs  is  slight.  Compare  C.  B. 
L.  m,  81,  where  also  is  a  description  of  cultures  of  B. 
pseudanthracis  II  and  III,  which  are  still  a  little  further 
removed  from  anthrax. 

B.  anthracoides  Hiippe  and  Wood  (from  soil),  which 
we  obtained  from  KrAl  and  carefully  studied.  We  found, 
indeed,  the  agar  cultures  macroscopically  very  much 
like  anthrax,  but  microscopically  they  resemble  B.  sub- 
tilis;  also  upon  gelatin  the  similarity  to  Bac.  subtilis 
when  magnified  60  times  was  much  greater  than  to  Bac 
anthracis.  In  young  colonies  loop-like  projections  extend 
out,  reminding  one  of  Baet.  \iilgare.  When  mugnifled 
1000  times,  sluggish  motion  was  unmistakable. 

B.  amhraci  similis  McFarland  (C.  B.  xxrv,  556).  It 
was  once  found  upon  a  lal>ora.tory  p]at«,  and  is  entirely 
non-pathogenic.     Perhaps  it  was  true  anthrax^ 
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Bacillus  mycoldes.     FIQgxe. 

(Plates  37  and  38,  i-rv.) 

Synonym. — Root  bacillus. 

Microscopic  Appearance. — Rather  large  rods,  scarcely 
atallrounat^iUt  thi!  eiuls,  1.6-3.6 /*  long  and  0.8/.  thick. 
ISoin<atimcs  arranged  in  threads  (38,  in).  Forms  oval 
spores. 

Motility. — We  have  seen  no  cultures  which  exhibited 
active  motility.  Usually  all  the  indi\-iduals  are  quiet  ex- 
cept a  few,  which  are  only  detected  in  motion  after  more 
prolonged  ob8er\'ation.  Also  in  the  stained  preparatioa 
the  impression  is  given  of  only  a  few  being  provided  with 
flagella.  Formerly  we  believed  we  had  observed  entirely 
non-motile  cultures,  but  c^n  not  now  demonstrate  thiB, 
Here  belongs  the  non-motile  Bacillus  radicosus  Zimm. 

Staining  Properties. — Stains  by  Gram's  method. 

Requirements  as  to  Nutrient  Media. — Slight;  also  ^ 
grows  ivithoiil  iixy;;eii  but  poimlily. 

Gelatin  Plate. — («)  NnUirfil  nhe :  In  earliest  stage  the  \ 
colonics  consist  of  a  scarcely  perceptible  circle  of  little 
hairs  (37,  vi).  After  one  or  two  days  the  gelatin  is  liqae- 
fied  a  little,  while  the  colonies  have  become  distinctly 
larger.  The  hairy  circle  ramifies  more  and  more,  and 
thicker  branches  are  formed,  especially  at  the  center, 
which,  toward  the  periphery,  are  replaced  by  im^lar,' 
fine,  root-like  branches  (37,  ix). 

(i)  Magnified Jijly  times:  Colorless,  more  or  less  winding 
threads,  interlacing  in  a  most  extraordinary  manner.  Io> 
the  center  the  iiolony  is  sometimes  felted  and  opaque. 
The  branchings  are  only  apparent,  since  always  two  closely 
lying  threads  diverge  from  each  other  at  the  point  at 
.Tpparent  branching, 

Gelatin  Stab. — It  is  characterized  by  delicate  littla 
'  hairs  of  quite  uniform  length  growing  outward,  parallel* 
I  to  each  other,  along  the  stab  canal  (37,  i).  Theliquefao- 
L  tion  of  the  gelatin  begins  in  the  form  of  a  saucer  and  thea 

\       *  In  mora  ndiittioMl  otuffn  the  luiira  nre  oft«n  <l1re<<tt^  upward  (3T, 
fell)-     The  Mine  ii(  liiiofJuctioii  is  naunlly  olenr  or  nlightly  clondy . 
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cylindric.  Upon  the  surface  of  the  liquefied 
medium  there  in  a.  thick  white  tihii,  reminding  one  of  a 
covering  of  asbestos.  If  this  falla  to  the  bottom  of  the 
liquid,  a  new  one  at  once  forme,  so  that  cultures  may  be 
found  having  many  such  films. 

Agar  Plate. — («)  ^.'attiral  mze:  At  first  the  colonies 
are  very  like  those  in  the  gelatin  plate,  but  more  sturdy 
(37,  vii).  The  further  growth  la  absolutely  irregular, 
tiiere  being  found,  as  well,  colonifs  with  a  dense  center 
and  very  distinct  main  branches,  and  also  those  with  a 
delicate  central  portion,  and  about  this  a  growth  in  the 
form  of  a  circle  (37,  viiij. 

(i)  Magnified  Jijly  limes:  Exactly  like  the  colonies  in 
the  gelatin  plate.  Plate  38,  i,  represents  a  colony  with  an 
open  central  part.  Plate  38,  iv,  represents  a  part  of  the 
same  magnified  150  times. 

Agar  Stab. — SUtb :  Parallel  brush-shaped  outgrowths, 
usualty  of  unequal  length,  delicate  gray,  hut  a  little 
denser  than  in  the  gelatin  stab  (37,  iv).  Sarfutx  growth: 
Exactly  like  the  colonies  on  the  agar  plate;  light  gray, 
moist,  shining  (37,  v). 

Agar  Streak.— -Grayish -white,  moist,  shining  growth, 
with  root-like  outgrowths,  showing  most  extraordinary 
abundant  branchings.  In  a  short  time  it  covers  the  entire 
surface  (37,  iii). 

Potato  Culture. — Extremely  like  the  potntn  culture  of 
the  Bac  subtilis.  It  is  white,  when  older  yellowish,  a 
little  elevated,  crummy,  dull,  provided  with  a  delicate, 
insignificjint  fringe  at  the  periphery  (38,  ii). 

Chemical  Activities.— See  page  307.  There  is  also  no 
fonnalion  of  H,ji. 

Distribution. — Very  common  in  soil. 


Bacillus  subtiiis.     F.  Cohn.     (Beitrage.  Bd.  1, 

H.  ii,  175- > 

(P1at«s30a.n^40.) 

Common  Name. — Hay  bacillus. 
Microscopic   Appearance. — Short  (1.8-3 /i),  rather 
thick  (0.8-1.2  /i),  sturdy  rods  with  rounded  enda^  aEtfitt, 
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united  in  long  airings,  nnd  not  infrcqui-nlly  the  separatimi 
into  individual  rods  is  indistinct,  so  thikt  long  threads 
occur  (40,  vj. 

Spores. — When  air  is  admitted,  oval  spores  are  rtadily 
formed,  which  gfrmtnatc  at  right  angles  to  the  long  diam- 
eter.     (Compare  p.  27.) 

Motility. — The  short  forms  are  very  actively  motile 
because  of  long,  abundant,  pei'itrichous  flagella.  The 
chains  of  bacilli  alill  show  diigella,  even  whea  they  are  no 
longer  motile  (40,  vi,  ix). 

Staining  Properties. — Stain  by  Gram's  method. 

Requirements  as  to  Nutrient  Media  and  Oxygen. 
— Grows  upon  the  most  various  nutrient  media  at  room 
and  incubator  temperatures,  but,  when  oxygen  is  ex- 
eluded  it  grows  poorly  and  without  sporulation.  Growth 
is  rapid. 

Gelatin  Plate. — (o)  Naiwral  mze:  In  a  sliort  time  the 
colonies  sink  into  a  saucer-shaped  depression.  The  con- 
tent of  the  liqueHed  zone  is  grayish-wliite.  At  the  center 
lies  the  whitish,  ragged  colony  (40,  in).  A  later  sljige  is 
shown  in  40,  IV. 

(6)  Maffnififd  niih/  tivus :  At  first  the  colonies  are  round- 
ish, even-edged,  cruml>lj',  yellowish,  sometimes  surrounded 
by  a  delicate  row  of  hairs  (40,  n,  i).  Later,  especially  in 
the  case  of  the  superficially  located  colonies,  the  periphery 
becomes  wavy,  and  with  advancing  liquefaction  of  the 
gelatin  breaks  up  into  innumerable  tangled  loeks,  which 
surround  the  colony.  The  central  part  is  still  held  firmly 
blether,  being  granular  and  yellowish  to  brownish  until 
after  four  to  five  daj's,  when  it  also  becomes  completely 
disintegrated  (40,  ii,  e). 

Gelatin  Stab, — The  surface  growth  is  whitish-gray, 
and.  after  thirty-six  hours,  sinks  int^)  the  gelatin  in  the 
form  of  a  saucer.  The  gray  liquefied  content  of  the 
BauciT  contains  whitish  bunches  in  suspension  (39,  i). 
The  liquefaction  progresaes  in  a  cylindnc  form,  the  con- 
tents being  grayish-white,  and  cloudy,  especL-dly  helow. 
trpdu  the  surface  is  a  thick  white  scum,  firmly  attached 
to  the  Willi  of  the  tube  (39,  ii). 

Agar  Plate. — (a)  Natiimlgae:  Small,  irregular,  shining, 
n^yish-white  colonies  (39,  vili). 
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(6)  Magnified  sixty  times.  Superficial:  Decidedly  ir- 
regularly shaped  colonies,  rarely  Binooth- edged,  usually 
extraordinarily  ragged  and  fringed.  The  peripheral  part 
conaiste  of  irregularly  winding  and  interlacing  threads, 
which  at  times  uiay  be  rolled  together  in  an  impenetrable 
Uiogle.  The  center  of  the  colony  is  yellowish,  and  finely 
granular.  Deep:  Similar  to  the  superficial,  but  denser, 
thicker,  and  more  opaque.  The  branches  are  still  more 
irregular  and  gnarled  (39,  vii). 

Agar  Stab.  —  SuTfaee  grmcth:  Moiatly  glistening, 
roundish,  even -bordered,  soon  extending  to  the  wall  of 
the  tube,  a  little  elevated,  dirty  gray.  Sometimes  there 
is  formed  a  pellicle  or  radiating  wrinkles  (39,  v). 
(Compare  also  34,  viii.)     Stab:  Thread-like  or  granular. 

Agar  Streak. — ^The  growth  upon  the  surface  is  like 
that  upon  the  agar  stab.  The  water  of  condensation  is 
turbid,  with  a  gray,  cloudy  precipitate  (39,  in). 

Bouillon  Culture. — Uiiifurmly  cloudy.  There  is 
pellicle  formation  upon  the  wall  of  the  glass,  and  some- 
times also  upon  the  surface  of  the  bouillon.  There  is  a 
little  whitish  precipitate. 

Potato  Culture. — Dirty  white  to  yellowish  growth, 
with  an  undulatory,  scalloped  border,  somewhat  elevated, 
dull,  never  shining,  spreading  fairly  widely,  and  upon 
long  stnnding  it  has  a  meal-dust  appearance  (40,  i). 

Chemical  Activities. — See  remarks  upon  page  307. 
Charrin  and  de  Nittis  have  obtained  a  patliogenic  Bac. 
Bubtilia  by  cultivation  upon  nutrient  media  containing 
blood  and  by  passage  through  animals.  They  always 
employed  0.5-0.75  c.c.  of  the  most  pathogenic  culture  to 
produce  death  in  guinea-piga.  The  affection  remained 
local  and  the  picture  as  a  whole  was  more  that  of  an 
intoxication,  (Compt.  rend,  de  la  Soc.  de  Biol.,  1897, 
713.) 

Distribution. — In  hay,  and  widely  distributed  in  soil. 
Besides  this,  also  olher  forma  with  spores  are  present  in 
hay,  BO  that  various  kinds  may  be  obtained  by  the  method 
formerly  recommended  for  acquiring  the  hay  bacillus 
(inoculation  of  a  sterile  nutrient  solution  with  a  small 
quantity  of  fluid  containing  spores  obtained  by  boiling 
hay  for  a  long  time). 
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ei)!;hl  hours  there  ia  a  strong,  genuine  odor  of  Enimenthaler  cheese; 
nlau  lliia  uocura  upon  Bt^rilixetl  caseiti,  precipitated  by  rennet.  There 
ia  uever  any  gas  forcned  from  sugar. 


Bacillus  megatheriurr 
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.    (De  Bary.)    Vorles.  iiber  Bak., 
ii.  Aufl.,  1887. 

(Pbte41.) 

Microscopic  Appearance. — Rods  1.6-5 /i  long,  0.6- 
0.8/1  thick,  the  ends  not  rounded,  often  united  in  long 
Btringa  (41,  x).  These  dimenaions  are  a  certain  demon- 
atration  that  the  orjjaniam  becomea  amaller  after  prolonged 
cultivation  (forma  depiiuperata);  we  obtained  this  culture 
from  the  hvgieuic  institute  in  Berlin  in  1888.  De  Bary 
repreaenta  tlie  thickness  at  about  3  ii.  (Compare  Bac.  oxa- 
laticuB,  p.  323. ) 

Motility. — By  means  of  many  peritriohous  flagella  it  ia 
rather  slowly  motile  (41,  Xi). 

Staining  properties  and  requirements  as  to  nu- 
trient media,  etc.,  are  the  same  as  in  the  Bac.  subtilia. 

Gelatin  Plate. — (n)  Natural  size:  Like  Bac.  aubtilis 
(41,  m). 

(ft)  Magnified  ji^y  times.  Deep:  Grayish,  transparent, 
more  opaque  toward  the  center,  finely  to  coarsely  granu- 
lar, as  if  beset  over  the  entire  surface  with  moet  minute 
hairs  (41,  iv).  If  the  colony  liea  upon  the  surface,  the 
periphery  supports  a  row  of  rather  long,  very  tine,  deU- 
cato  hairs,  while  the  middle  zone  is  a  little  lighter.  The 
point  at  the  middle  remains  compact  (41,  v).  It  resembles 
Bac.  Bubtilis  and  Bac.  mesentericus. 

Gelatin  Stab. — ^Tube-  or  sack-shaped  liquefaction  takes 
place  along  the  stab.  The  liquid  js  turbid;  sometimes, 
especially  later,  with  clondy  flocculi.  Later  Ihe  lique- 
faction becomea  cylindric  (41,  i). 

Agar  Plate. — (a)  Natural  »ize :  White  to  grayish- white, 
a  little  elevated,  moistly  shining  disks  (41,  vi). 

(h)  Magnified  fifty  times :  In  the  earliest  stages  the  deep 
(Oolonies  possess  hairy  or  corkscrew-shaped  outgrowths 
(41,  VII,  i),  while  the  superficial  ones  possess  a  delicate, 
'extremely  transparent  zone  (41,  vii,  e).  The  latter  in 
[time  becomea  opaque,  coarsely  crummy,  yel\.o'N\&\\-\i\Q'»»'^, 
^  _M 
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i  with  vindiD^  imrtnuMmiiij.  Knafj       Tba 
•  later  mppai  irr^nkr  in  fcom,  with  smooth 
^«|»qw,  nsaaB.T  with  on^rovtfas  at  the  periphoy 
Tm). 

'  Agar  stab  and  streak  like  tbo^  of  the  Bac  sobtiln 
(41.  n;. 

Bouillon.  —  Moderately  doody,  oftoi  with  pellide 
fonnatJoD. 

PoUto  Culture. — Very  anular  to  that  of  the  Bac 
•ubtilifi.  Th«  color  b  nsoally  somewhat  more  yellow ;  the 
meaiy  appcarancif  also  occuis  (41,  tr). 

Chemical  Activities. — See  reomrks  on  page  307;  no 
indol,  murh  H^. 

Distribution. — Found  by  De  Bary  upon  decomponng 
cabbage  leaves.  The  Bac.  qucrcifolius  Lehm.  and 
Detjen,  from  sausage,  deecribed  from  this  institute  by 
Detjen  ('Jissertation)  in  1890,  appears  to  be  identical. 

Remarks. — The  separation  of  this  variety  from  the 
eubtiliit  is  rather  difficolt ;  it  lacks  the  marked  pellicle 
formation  upon  the  gelatin  culture  and  the  pronounced 
formation  of  curls  upon  the  gelatin  plate. 

The  following,  described  by  Hiippe,  is  very  closely  re- 
lated: 

Bacillus  butyricus.    Hiippe.    (MIt.  O.A.U.) 

(Plate  3S,  v-vil  a.) 

JiiillfiDg  [n>m  our  Btutlitn  of  a  oaltnre  ivhich  we  have  (mltivkted  (or 
■Ix  ytmra,  it  seeinB  to  stand  midway  betwern  the  Bac.  m^Bth«ritua 
M)d  mmnnlrncuH.  Tbe  thinnow  of  tliE  rods  appears  to  be  a  temlt  <rf 
prolong  ODitivation.  Slender  rods,  1.2—1  m  long,  only  C.3-0,5/i  tbidc 
(l),  with  ends  m')dnsl«ly  rounded.  Tliey  are  motilt.  b«miae  of 
DUmcrnns  peritrichous  flagclia,  and  Dtain  by  Gnun's  method.  Vpaa 
the  i^lBtin  plates  there  twour,  a»  in  the  f»fle  of  Bac.  vul^tOB,  ^rplwid 
tomui ;  Ktil),  they  ore  tifliuJly  mnch  scalloped,  and  oft«n  have  aoratcr> 
ihApca  diiprrmion  lit  the  ceiit«r  (:W,  vi).  Later  tho  omntniy  eentcr 
eoUnjC  at  ttie  expenae  of  the  outer  tmnxparent  lone  (3S,  Ttl)  tintll 


dcltMl«  ;  nim  the  nkn'  flreak  aiid  slsb,  exrept  t^nt  the  brown  oolor  te  1 
ahwinl.  The  potaht  cnlturc,  on  the  onulmrv.  pnwnta  no  nieabwork,  1 
ia  not  dUtliigaiahi^^iiij^ll^  nw^lheriuni  (3M,  v).    BoviUaB.  | 
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clear,  a  pellicle  formiag  npon  the  surface.  Milk  \n  ooagnlatcd, 
uuv  Niinetimen  remains  fiuid.  Nn  &»  or  Jndcit,  liut  some  H^  is 
(onn»].  Aa»rdiiig  to  Hllp{>e,  it  eluboratts  )iut,vrio  acid  from  solte  of 
lactic  acid  ;  also  Iroin  milk-augnr  wlieu  it  is  previoualj  bydnited  by 
otlier  bacteria. 


I 
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Bacillus  gastrophllus.     L.  and  N. 

This  name  is  applied  to  a  spomlating,  motile,  aerobic  bacillnH, 
which  coa^lates  milk  with  the  formation  of  lottio  acid.  Keccntly  it 
hoH  been  repeatedly  ealtivated  by  Kanfuiona  and  Stranaa  from  the 
haman  carcinomatous  stomach.  The  organism  grows  poorly  npon  the 
ordinary  nntrient  media,  best  npon  beer-wort  agar  and  gelatin,  npon 
which  it  forms  line  threads  (aoourdiiig  to  Uie  di'Scription,  resembling 
anthrax).  Old  cultnres  appear  as  if  covered  with  line  dust  (air 
hyphicf). 

Details,  together  with  litj'mlare,  are  given  by  Sternberg  (Wien. 
klin.  WochenHohr.,  18iW,  744),  who  cultivat*d  the  organism  from  an 
incaroerated  hernia,  and  naturally  disputes  its  diagnostic  stgniticonoe 


Bacillus  oxalaticus.     Zopf. 

lIuBoi^^nism  possesses  a  greater  interest  because  Migu1a(A.  E.,  i. 
Bd.,  p.  1^)  condncted  valuuhlc  stodiea  niion  bacterial  Htmctnre  upon 
it.  The  culture  which  we  abtained  from  Krai  consisted  of  rods, 
which,  from  tbeir  relatively  small  diameter  (O.i^l.fi/'),  differ  mnch 
from  the  thick  forms  (2.5-4  /j)  which  Mignla  observed.  This  is  ap- 
parently due  to  cnltivation.  Motility  and  flagclla  were  always 
absent.  Upon  gelatin  plates  the  colonies  at  firat  resemble  those  of 
Bact,  coli ;  later  they  become  cnimuiy  and  settle  into  the  gelatin  with 
a  wide  »)ne  of  liijnef action.  With  longer  growth  they  become  like 
the  snbtilis  in  appearance.  In  the  gelatin  stab  the  liquefaction  is 
fnnnel-Hliaped,  later  cylindric.  the  contents  are  turbid,  and  a  scum 
forms  on  top.  The  agar  streak  ciiltnre  is  not  distlngnishahle  from  that 
of  anthrax.  Dpon  potato  is  formed  a  pure  white,  dry,  later  moistly 
shining,  elevated  growth.  Bouillon  remains  almost  clear.  For 
obemicnl  activities,  see  page  307  ;  no  HjS  nor  indol. 

Bacillus  vulgatus.     (FlQgge.)     MIgrula. 

(I'latf  3rt,  VIII,  IS  ;  and  PlaU>  42.) 

Synonym. — Baeilius  mesentericiis  vulgatus  Flii^;e. 
Ordinary  Name. — Potato  hacillue. 

'ulpituH,  Paris,  18H0. 


Microscopic     Appearance,  —  Slender     rods,     ends 
scarcely  at  all  rounded,  1.6-5.0  /i  long,  0.8  /i  thick,  often 
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united   in   threaJa.     It  rejidily  forms  roundish    to  oval 
spores  (42,  xi). 

Motility. — It  propels  itself  by  means  of  minieroua  peri- 
trichous  flagellji  (42,  xii). 

Staining  Properties. — Stains  by  Gram's  method. 

Requirements  as  to  Nutrient  Media,  Oxygen,  etc* 
— The  same  as  Bac.  subtilis ;  grows  rapidly. 

Gelatin   Platc.^(a)  Natural  size:  After  one  or  tw 
days  the  colonies  sink  into  the  gelatin,  grayish- white,  dtJiJ 
cute,  wrinkled  fihns  being  formed,  which,  even  later,  afts 
li'juofaction  of  the  entire  plate,  do  not  disint^rate  (4^1 
Vll). 

(b)  Magn^ed  fijiy  times:  In  the  early  stage  the  colonies 
especially  at  the  periphery,  resemble  the  smallest  typhtH 
coloniee  until  they  begin  to  sink  into  the  gelatin.     (Com 
pare  also  43,  xi.)     Soon  this  transparent  zone  change 
into  a  crummy  mass,  which  ie  coarsely  granular  iiitemallj^ 
and  possesses  lobidar  markings,  while  the  peripheral  por-^ 
tion  presents  lobules  separating  from  each  other.     Finally 
the  entire  colony  acquires  the  appearance  of  a  distinctly 
moruloid,    brown,   loosely   attached  heap,    resembling  a 
panther  Fkin  (42,  vm  and  ix).     Besides  the  forms  just  i 
di«cril>eil,  there  are  often  forms  furnishing  a  transition  tO'a 
those  of  the  Bac.  mesentericus.  I 

Gelatin  Stab. — Upon  the  surface,  a  grayish- white,  rav^J 
ged-edged  growth  with  a  fatty  luster.  Gradually  from  thin 
there  is  developed  a  dense  film,  which  sinks  into  the  gelati^l 
in  the  form  of  a  cup.  The  liquefied  zone  is  cloudy  witln 
a  dirty  grayish-whit*  precipitate  (42,  i).  ■ 

Agar  Plate. — (n)  Natural  size.  Surface  growth :  Whitlfl 
to  whitish-gray,  moJatly  shining,  even-Iwirdered  or  slighting 
granular,  a  little  elevated.  Dcq^ :  Roundish  to  wheteton»il 
shaiHid,  wliite.  Sometimes  in  older  cultures  there  occuM 
folded  or  rounded  elevations  (42,  iv).  I 

(b)  Magnified  fifty  tinies.  Superficial:  Roundish,  grayiji 
homc^neous  colonics,  without  markings,  becomin^B 
opaque  toward  the  center,  transparent  at  the  peripherj^f 
and  beaet  by  long,  often  tortuous,  plaited  hairs  (43,  vi^l 
/>eep :  Roundish  to  whetstonc-shtiped,  gray,  homogeneotu^l 
<^iiujU(%,  sometimes  also  with  a  limited  development  alu 
haixB  {42,  V).  m 


Agar  Streak. — Luxuriant  growth,  with  a  wavy  scal- 
loped border,  grayish-white,  with  a  tatty  luster,  BBpecially 
after  a  longer  time  becumiiig  covered  with  numerous, 
irregular,  considerably  elevated  folds.  Toward  the  edge 
it  is  more  transparent.  The  water  of  condensation  is  clear, 
and  upon  the  surface  of  the  same  a  firm  film  is  formed 
(42,  u).  This  description  answers  for  the  agar  stab 
(42,  in). 

Bouillon. — A  little  cloudy,  upon  the  surface  a  firm, 
grayish-white  film,  which  is  not  broken  up  by  shaking. 

Milk  Culture.--^limy  coagulum  formed  ;  strong  alka- 
line reaction.     Sometiuies  no  coagulation  occurs. 

Potato  Culture. — Exceedingly  variable.  The  typical 
form  at  any  rate  presents  abundant  tortuous  and  confused 
more  or  less  padded  elevations,  rising  and  falling  precipi- 
tously, not  unlike  intestinal  coils  (42,  x).  The  color  is 
partly  whitish-gray,  partly  yellowish,  yellow,  or  even  rosy 
brown.  The  coils  may  ako  be  widely  padded  (38,  ix)  or 
appear  as  thick,  nioistly  glistening  elevations  (like  Bact. 
coli)  (38,  viii). 

Chemical  Activities. — See  reraarkfl  on  page  306.  No 
indol  is  produced  and  little  H,S. 

Distribution, — Common  in  soil,  thus  a  fretjuent  con- 
tamination of  our  potato  culturc-s  (potato  bacillual).  Also 
found  in  the  intestine  and  in  sausage  (Detjen,  Serafini). 

Practical  importance  is  slight.  In  incompletely  unster- 
ilized  milk  it,  like  the  related  varieties,  occasionally 
produces  a  gradual  coagulation  with  strong  alkaline 
reaction,  and  later  a  solution  of  the  coagulum  with  pro- 
duction of  bitter-taating,  injurious  substances. 

The  ability  of  the  bacillus  to  sometimes  produce  abun- 
dant quantities  of  a  slimy  carbohydrate,  esiwcially  in  feebly 
acid  bread,  through  swelling  of  its  membrane,  at  times 
becomes  troublraome.  J.  Vogel  (Z,  H,  xxvi,  398;  there 
also  the  literature),  who  has  carried  out  in  Hamburg  a 
special  study  upon  the  bacilli  of  viscid  bread,  found 
especially  two  varieties  of  bacilli  concerned  with  it:  Bacil- 
lus mesentericus  panis  viscosi  II  Vogel,  which  essen- 
tially completely  corresponds  with  the  bacillus  mesen- 
'  tericus  L.  and  N.  (see  below),  and  B.  m,  p,  viacoai  I, 
[  irhich  ifl  distinguished  by  lack  of   motility  ^  ^'&*^  ^1  '^'^ 


IMPORTANT  VARIETIES  OF  FISSION-FUSQI. 

flat,  primarily  non-characteristic,  emcary  growth  on 
potato,  which  later  forms  large,  ])arallel  folds.  The  resist- 
ing B[>ores  withstand  a  short  baking  protjose. 

The  Bac.  Kummosus  Ritscrt  (C.  B.  XI,  730J,  ublaiued  from  Kel»- 
tinous  iiifiuion  oE  digitalis,  seems  to  be  related.  See  also  Hftpp 
(C  B.  XIV,  175).  Aocoiding  to  both  nuthore,  this  orgnuiani  is  oaXj 
Able  to  elaborate  this  slimy  materiiU  Irom  uutf-sugiir  and  not.  from 
Riupe-  or  Diilk-ansar.  Beaides,  there  originate  iiumnite,  gnipe-eiirair, 
Utotio  acid,  butyric  »eid,  and  carbonio  acid.  The  carcinoma  bacilluB 
of  Scheuilen  (C.  B.  Ill,  307)  hm  nlw  been  shown  lo  bcloug  to  this 
groap,  bat  has  nothing  to  do  i  "' 


Bacillus  geniculatus  (Dticlaux).     L.  and  N. 

Tyrotbrix  geoiculatn  Duclimx.  Tlie  gehitin  plnles  iiiuuroHoopioBlly 
resemble  IShc.  valgntns.  WIii:n  nuigniliral  IH\  tiuits,  they  juvaeut  au 
iDtercBting  exhibitiun.  The  colotiica  iit  lirst  appear  npon  the  mIaHo 
-with  delicate  acallopin)^,  like  tyjiliiiid;  with  advuncing  llt)nenotMii 
the  BCallopd  ore  replaced  by  cnrl^,  wliich  in  iire^larity  may  oompMro 
witA  tlioMe  irf  anthrHX;  still  Ia(«r,  the  ciivle  of  lucks  (alls  away  and 
the  oompnct  colony  Hoats  in  the  sliallow  liiinelled  area,  sniToaDiud  bv 
iiTCfiular  disint^-Krating  niuewA  Alsii  in  the  growth  u|Hin  potato  wtA 
JD  other  prapertivs  it  rvseniblea  the  Bac  viilgatns.  We  have  MCn 
nothing  of  the  branches  iii  gelatin  na  described  by  Winkler. 

Bacillus  mesentericus.     (Fliigge.)     Lehm.  and 
Ncum. 

( Plate  43. ) 
Synonym.  —  Bacillus    mescnterioue    fuscus     Fliiggei, 
(FlUgge,  SdEdit.,  p.  lOi).) 

Microscopic  Appearance. — Slender  rods  with  rounded 
ends,  0.S-:i.4  ;i  lout;.  IK7-<i.y  thick,  /i  tiiiving  a  tendency 
to  form  niuiuii.'^li  Nfmn's, 

Motility,  staining  properties,  and  conditions  of  life 
I  ore  like  those  in  the  cu«e  of  the  Biic.  viilgattis. 
Gelatin  Plate. — 

(a)  Natural  sim;  Minute,  roundish,  grayish-white  ool- 
KjKuee,  which  very  soon  sink  into  the  gelatin.  The  aone  of 
1  liqueraction  is  flat,  gray,  cloudy.  Tlie  colonies  resemble 
Every  much  tho8<!  ot  subtilis  (43,  x). 

{b")  Magnififd  fifly  timr*.  Superfidat:  In  the  earliest  stages 
f  resemble  thoac  of  typhoid,  as  do  tliose  of  the  Bao. 
{atOB  (43,  XI).     (See  also  16,  vui. )     With  the  onset 
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of  liqiietaction  the  transparent  peripheral  zone  becomes 
delicatfjly  granular,  at  the  periphery  appears  a  row  of 
fine  hairs,  and  the  entire  colony  assumes  the  character  of 
a  liquefying  subtilis  colony.  The  center  is  usually  gray- 
ish-brown and  opaque  (43,  ix),  De^:  Grayish-yellow, 
irregular;   about  the  edge  are  curling,  hairy  outgrowths. 

Gelatin  Stab. — The  colony  after  twelve  to  twenty-four 
hours  sinks  into  a  saucer-shaped  depression.  The  liquefac- 
tion firet  assumes  a  funnel  form  and  later  progresses  in  a 
cylindric  manner.  The  contents  of  the  funnel  are  cloudy, 
with  a  whitiah-gray  film  upon  the  surface  (43,  i). 

Agar  Plate. — 

(a)  Niilurol  »ize:  Roundish,  gray,  thin,  veil-like 
growtlis,  transparent,  with  the  original  whiter  colony  in 
Uie  center  (43,  v). 

(6)  Magnified  jifiy  times :  Tho  original  colony  lying  be- 
neath the  BUporficial  colony  ajtpears  yellowish -brown, 
moderately  or  very  crummy,  with  an  even  border  or  with 
curling  outgrowth.  Wlien  the  colony  reaches  the  surface, 
it  forms  a  delicately  punctated,  transparent,  irregular 
growth  of  a  gray  to  yellowish  color  (43,  vii). 

Agar  Streak. — Wavy,  moistly  shining,  yellowish- 
brown,  in  many  places  gray  and  transparent.  Water  of 
condensation  cloudy,  with  yellowish  precipitate  and  a 
pellicle  uj>on  the  surface  (43,  n). 

Bouillon. — ^Moderately  cloudy,  pellicle  on  the  surface. 

Potato. — At  first  the  growth  is  moderately  elevated, 
gniyish-yellow,  moistly  shining,  slimy  (43,  iti).  Later  it 
is  tnmaformed  into  a  meshwork  of  irregularly  anasto- 
mosing ivrinklea,  which  are  much  elevated,  of  a  yellow- 
isli-gr.iy  color,  and  poBsess  a  dull  luster  (43,  iv). 

Chemical  Activities, — See  preliminary  remarks  on 
pi^e  30(j.     It  form.s  littlu  indol  and  aljundaut  H,S. 

Distribution,  Practical  Importance,  Etc. — Like  Bac. 
vulgatus. 


Bacillus  mesenterlcus  ruber.    Olobig  (Z.  H.  iii,  3aa). 

SleudiT  Iweilli.  I  In  3. 2  /I  Iohr,  O.J  «  thick,  wimetimps  forming  quite 

long  tlireada.     Sat  motile,  stoin  liy  (Jrom'H  method,  no  sporea.     The 

gelatin  plate  exhibil«  quite  Turiithle  fomis.     AC  HrsC  all  the  oolonies   ^ 

present  an  appearance  like  typhoid;   later  eome  ooLaaie&  TC)a^s.<i!M»J 
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BBme,  othi^rs  Form  thick,  moist,  white  gronthH,  still  others  liqnefj  aad 
form  pellicles,  and  yet  others  resemble  Hohtilis  colantcs.  Upon  4l9 
{■elatio  stab  ia  fonned  a  t^'owth  like  typUoJiI,  which  stilL  after  fl 
longer  time,  slowly  ^nks  in,  with  the  form  of  a  funnel.  Potato  ooil 
turefl  at  first  are  like  \iani.  coli;  later  the  cultarea  acquitv  a  i  im  i  iilittB 
which  finally  ia  tratisfnrmod  into  reddish-brown.  Agar  skib  cuJtM^B 
is  delicate,  whitish-^psy,  transparent,  moistlj  shining;  latrr  «  netta^| 
film  tonus  upon  (be  anrfaoe.  BoulHoq  beoonies  faintly  olondy,  wiHtfl 
a  thin  pellicle  upon  the  surfiice.  Milk  is  not  ouBgnlated,  raaclioMS 
feebly  ulkuline.     H^S  and  gas  are  not  prodiioed.  ■ 

Bacillus  aterrimus.     (Biel.)     Lehm.  and  Neum.      I 

A  very  striking,  aerobic,  motile,  Hpornlsting  booillua,  poaseaainsjl 
all  the  peculiarities  given  on  pa(^  30(i,  and  producing  black  |Hg-V 
meut.  The  gelatin  plate  on Itnrtft appear  to  resemble  Boo.  subtiliskndfl 
vutgatw.  OeUtin  stab  cultures  |irGsent  (uanel -shaped  liqneliotiaal 
nithout  ooloration.  Upon  potatoes  at  first  grayish-blue,  th^  bnnfD-^ 
ish-black,  wriukled,  moist  pellicles  are  formed,  the  potato  being  blaiAS 
throughout.  Agarcaltnreslierotne  brown  with  yellowifth-brown  filma,fl 
The  orgaaism  ia  not  patbogenio.  Cooipiire  Biel  (C.  B.  L.  ii,  137)  andB 
Lunt  ([.  c,  572}  r^puding  B.  mes entCTicua  niger.  Gorini'a  cliaetrfl 
related  Bac.  lactis  niger  (C.  II.  EX,  S4)  we  obtaine*!  from  Eiufl 
.  in  1993  and  Btndied.  It  no  more  showed  any  cbromogrnesis,  anfliJ 
grew  as  a  flat  deposit  upon  potato,  resembling  the  Bad.  coli.  8po»-  ■ 
tAncons  motion  oould  not  be  seen.  It  is  iiueetionahle  whether  ^  M 
iusufflciently  described  Bac.  melanosporus  Eidau  of  {jolir6t«r  Ijelon^    { 

Bacillus  liodermos.     (Flugge.)     Lehm.  and  Neum. 

BaeilluB  mesentericus  liodermos  Fiiigge.  , 

Tbisbaoillns,de))crib«d  by  FliiKge  asshortand  very  actively  moti]^  I 
we  have  not  certainly  encount^rail  during  n«etit  years.  The  gelatbl  I 
growths  in  plates  and  in  the  atab  are  like  Boo.  vulgatua.  The  polAt#  1 
cnltnre  fomiH  a  smonth,  ehiuing,  yellowish-white,  syrapy  growth,  m 
which  otilv  after  several  days  boooimea  a  little  wrinklAl  and  cloody,  I 
The  Bacillus  mucosna  Zimmermann  (ii,  p.  8),  from  slimy  water,  ttf  I 
pears  to  have  aome  reliitioiisbip.  ■ 

Bacillus  gansneniE  pulpee.     Arkovy.  I 

Synnnyma. — Bacilhts  fuscans  MilU-r?    Carlos  fungus  oM 

Galippe  and  Vignal,  Cariow  fungus  ot  Jung.  ■ 

Uferofurc,— Arkovy  (C.  B.  SXiIl,  SI?).  I 

According  to  the  mvestigations  of  Dr.  Zierler,  made  iiJ 
the  VVurzburg  hygienic  institute,  wbich  deviate  somenhad 
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from  those  of  Arkovy  in  some  points, '  the  following  are 
the  characterietioB  {compare  Zierler,  G.  B.  xxvi,  417): 

Microscopically. — Stout  rode,  4  ji  long,  about  0.8-1.0  it 
thick,  often  united  in  chains.  Actively  motile.  Stain- 
ing of  flagella  haa  not  been  succeseful.  Upon  all  nutrient 
media  large,  ova!  aporea  booh  form,  which  are  difficult  to 
stain.  Germination  of  the  spores  is  equatorial,  often 
oblique  to  the  axis  of  tlie  spore  (Hirai).  Grows  luxu- 
riantly on  all  nutrient  media,  best  at  37°.  Odatinplale: 
Similartoaubtilie,  rapid  liquefaction.  Gelatin  »tab:  After 
two  or  three  days  saucer-shaped  liquefaction,  which  becomes 
cylindric.  Upon  the  surface  a  very  tough,  wrinkled 
film,  which  usually  remains  cotmected  by  a.  fine  string 
with  the  stab  canal  in  the  solid  gelatin.  The  liquefied 
mass  gradually  becomes  colored,  smoky  brown.  After  two 
to  four  days  fine,  horizontal  branches  are  seen  tbroughout 
the  entire  length  of  the  stab  canal.  Atuterobk  j/datin  sbib: 
Without  liquefaction  and  pellicle  formation,  the  surface 
gradually  becomes  depressed.  The  branches  in  the  stab 
are  longer  and  more  delicate.  Agar  phUes :  Thick  plates 
exhibit  superficial  colonies  something  like  subtilis  (39, 
VI  and  vii);  thin  plates  present  dense,  scalloped,  concen- 
trically striped,  white  growths,  which,  when  magnified  fifty 
times,  appear  opaque,  and  from  the  rather  sharp  border 
bunches  of  threads  project  outward.  Deep  colonies  fire 
compact  and  often  whetstone-shaped.  Agar  slab ':  The 
growth  rapidly  spreads  over  the  surface  of  the  agar  and  is 
whitish,  dense,  with  a  dull  luster;  soon  it  becomes  a  little 
rough  from  the  formation  of  small  depressions  and  eleva- 
tions. Potato:  On  first  day,  a  delicate,  membranous, 
moist,  spreading  growth;  after  three  to  four  days  the  same 
becomes  finely  wrinkled  and  dirty  red,  and  the  neighbor- 
hood of  the  growth  is  stained  dirty  violet.  Bouillon  is 
very  cloudy,  with  a  dense,  wrinkled  surface  pellicle.  In  a 
few  days,  with  the  formation  of  a  rather  crummy  precipi- 
tate and  brownish  discoloration,  the  culture  becomes  clear. 
Neither  H,S  nor  indo!  is  formed.  Milk  ia  coagulated  after 
two   or   three  days.     In  grape-sugar   bouillon   there    is 

'  Nothing  ivnnaeen  of  the  pleoinoiphisni  at  Arkovy,  and  the  "oocoi 
ntui"  T«presBotc<l  by  Arkovy  are  often  aporfx  (C.  B.  xxiii;  Plate 
.  XVIII,  10). 


I 
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abundant  formation  of  gaa  (principally  CO,)  and  luodei 
formation  of  acid. 

Arkovy  always  found  the  fungus  in  gangrenous  teeth, 
and  frequently  in  saliva  and  in  gangrenous  wounds 
t  decubitus). 

Zierler,  like  Arkovy,  never  failed  to  find  the  organism 
in  gangrene  of  the  pulp  C24  cases  examined),  those  iu 
which  tlie  characteristic  gangrenous  odor  was  present. 
Not  intrnquently  pure  cultures  were  obtained,  and,  what 
appears  eepecially  remarkable,  scarcely  ever  a  culture  of 
any  other  sporulating  bacillus, 

Zierler  can  not  bring  forward  direct  proof  of  the  signi- 
ficance of  the  organism  as  the  cause  of  gangrene.  Arkovy 
has  inoculated  sound,  broached  human  teeth  with  the 
bacillus  and  tbuH  produced  gangrene.  J 

Further  Sporulating  Aerobic  Varieties.  n 

Here  are  included  the  thennopliilic  varieties  which  were 
Bpoken  of  from  the  biol(^o  aide  in  the  general  part.  (See 
p.  44.)  For  the  characteristics  of  the  individual  varieties 
we  must  refer  to  the  original  literature  there  cited,  since 
they  have  only  been  partly  named  and  are  without  great 
practical  interest.  They  appear  to  be  concerned  in  the 
spontaneous  heating  of  hay,  manure,  etc.,  also  in  the 
hitherto  puzzling  bubbling  fermentation.  Laxa  has 
described  an  organism  which  belongs  here  (C,  B,  L,  rv, 
362),  and  I'oup^  (C.  B.  L.  iv,  484)  another  thermophilic, 
jelly-forniing  organism. 

Introduction  to  the  Special  Description  '  of  the  Bac.  J 
tetaai,  Bac.  Chauvcei,  and  Bac.  cedematis  malignl. 

The  three  varieties  have  in  common: 

1.  In  pure  cultures  upon  the  usual  nutrient  mec 
(agar,  gelatin,  potato)  they  arc  more  or  less  perfec' 
anaerobic;   on   the  contrary,  they  also  grow   very  ' 

'  In  the  fulluwin^,  Tree  iwe  is  made  of  v.  Hibler's  oriticnl  " 

SBT  Kcniitnis  clifr  Axnv\x  anaerobe  Spaltpilie  erzeugt«n  Infektioi. 

knnkniiKeii  ilra  Menachi-n,  elo."     Preliminary  rotnniantCAtion  (C.  ] 
r.  18W,  513,  etc).  Tbe  detailed  work  has  not  yet  appeared  (Jni 
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aerobically  upon  boiled  rabbit's  blood,  which  before  the 
inoculation  is  again  briefly  heated  to  100°  (especially  true 
of  Bac.  tetiini).  The  latter  then  forms  spores  exceUcnIly 
and  its  virulence  increases  (v.  HiblerJ.  It  is  also  possible 
to  grow  anaerobes  upon  nutrient  media  containing  sulphid 
of  sodium,  as  stated  on  page  42.  Regarding  the  behavior 
of  anaerobes  in  aerobic  mixed  cultures,  see  page  43,  and 
Kedrowski  (Z.  H.  xx,  358). 

2.  Gelatin  is  liijuefied,  and  (similarly  to  Bact.  vulgare) 
fatty  acids — from  formic  to  caproic — and,  besides,  acids 
with  aromatic  groups  (phenj'lpropionic  acid,  hydropara- 
cumaric  acid,  and  skatol-aoetic  acid),  arc  produced 
(Nencki). 

3.  Also,  without  the  sugar  being  present  (!),  according  to 
Nencki,  there  arise  from  albumin:  carbouic  acid,  hydro- 
gen, H^,  mercaptan,  marsh-gas,  perhaps  free  nitrogen 
(Bovet,  C.  B.  VIII,  174).  The  gases  have  a  very  foul 
odor.  Phosplio retted  hydrogen,  which  smells  like  garlic 
and  darkens  silver  nitrate  piipor,  but  not  lead  paper,  in 
the  latter  differing  from  H,S,  has  been  found  by  Marp- 
mann. 

4.  With  the  presence  oE  sugar  there  originates  a  mixture 
of  gaaes,  with  less  of  a  putrid  but  with  a  sweet,  repulsive 
odor,  and  consisting  mostly  of  H,S  and  CO,. 

5.  Spontaneous  motion  produced  by  peritrichoua  fla- 
gella. 

6.  Spores  are  partly  in  the  middle  and  partly  polar. 
Attenuated  as  well  as  virulent  cultures,  when  grown  upon 
saccharine  nutrient  media,  usually  form  spores  only  in  the 
middle  or  incompletely  in  the  pole,  and  of  an  oval  form, 
which  may  be  much  elongated.  Upon  blood  and  blood- 
Berum  in  all  three  varieties  the  spores  are  polar  and  round. 
In  general,  sugar  and  glycerin  make  the  nutrient  medium 
less  favorable  tor  spore-formation,  and  often  it  very  sixin 
fails  to  occur.  This  influence  is  more  marked  in  symptom- 
atic anthrax  and  malignant  edema  than  in  tetanus. 

7.  Regarding  their  resistance  to  injurious  influences, 
consult  the  statements  of  Sanfelicc.  According  to  him, 
they  were  not  nearly  bo  resistant  as  the  aerobic  soil  spores, 
being  killed  by  100°  in  live  8l«am  in  fifteen  minutes  at 

I   most,  sometimes  also  by  80'^-90°  rather  quickly.     It  te- 
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maitiB  an  open  question  whetber  the  spores  employed  in 
theee  investigations  were  of  maximum  resistance,  spores 
stored  dry  in  earth  remain  alive  for  months,  and  even 
years;  also,  if  the  spores  are  placed  in  water  together 
with  soil,  they  live  for  months, 

8.  Upon  rice  nutrient  media  (rice  covered  over  with  a 
Bolution  of  1%  peptone  and  ii.o'fc  NaCl)  the  virulence  ol 
all  the  varieties  studied  was  soon  lost  (v.  Hibler), 

9.  Most  fifTective  are  intriLmuscular  inoculationa;   len^J 
subcutaneous;   and  least,   intraperitoneal.     The  (^Sect  is 
more   pronounced   with   extensive  injury  of  tissue  than 
without. 

10.  Attenuated  cultures  of  the  varieties  producing  local 
affectiona  cause  lees  edema  and  more  cellular  accumulation 
than  virulent  ones.    The  less  the  virulence,  the  greater  the  ^ 
phagocytOHiB. 

Bacillus  tetanl.     (Nicolaier.)     (Oeutsch.  med. 
Wochenschr.,  1884,843.) 

Uttraturr-.~K\UvaUi  {Z.  H.  vil,  Sii;  x,  2671,  Kitt  (C.  B.  Vll,  K 
Knorr  (Tebmai^rt,  Miinoh.  meil.  Wix'-hviiwhr,  11^98,  321  and  362J! 

Microscopic  Appearance— In  animal:  rode,  1.2-3.6 
f(  long,  0,5-0.8 /i  thick.  In  cultures  (especially  of  little 
virulence)  there  are  often  very  hmg  throJidp, '  sometimes 
also  rods  arranged  in  strings  (44,  ix).  Mature  spores 
are  at  the  ends  of  the  short  rods,  oval  to  round,  1.5-2.0  ft 
long  and  about  1.5  li  thick  (44,  vii).  Many  times  a 
piece  of  a  thread  ifsXs  upon  the  end  with  the  spore  like  &>■ 
Boepter.  Sometimes  also  the  long  thre.ads  sporulate  (44,  I 
x).  Then  in  many  places  are  seen  short  rods  arising  from 
the  thread  containing  very  distinctly  polar  spores;  in  othfll 
places  one  spore  lies  clow?  to  another,  bo  that  the  entii^ 
substance  of  the  rod  appears  to  be  converted  intfl  spore 
Similar  pictures  appear  to  have  been  seen  by  Vince 
(C.  B.  XIV,  149). 

Spontaneous  motion  is  observed  in  anaerobic  haiigill| 
dnips,  dejiendent  upon  numerous,  long,  peritrichous  flii 
geUa;  according  to  Votteler  (Z.  H.  xxvii.  480),  60  to  101 
>  Vincent  and  Kanthaok  claim  to  have  obaerred  branohing. 
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to  a  bacillus,  which  we  have  verified.  According  to 
Schwarz,  there  id  only  a  single  terminal  flagellum! 

Staining  Properties. — iStnins  well  by  Gram's  method. 

Requirements  as  Regards  Oxygen. — When  freslily 
cultivated  from  the  animal  liody  (from  wounds  from  which 
tetanuB  has  originated,  from  nails,  etc.,  which  have  caused 
tetanus),  it  is  always  an  absolute  anaerobe.  After  long 
cultivation  in  the  stab  (deep  culture)  the  organism  often 
gradually  becomes  less  susceptible  to  oxygen.  Cultivation 
is  facilitated  by  the  presence  ol  certain  saprophytes,  which 
grow  when  oxygen  is  admitted.  Recently  Carbone  and 
Perrero  (C.  B.  xvni,  193)  have  succeeded  in  cultivating 
virulent  tetanus  bacilli  from  the  bnmchial  and  tracheal 
mucus  in  a  case  of  rheumatic  tetanus,  where  absolutely  no 
injury  was  to  be  found  anywhere.  The  bacilli  thrived 
much  better  and  more  luxuriantly  aerobically,  but  in  pure 
culture  were  no  longer  virulent.  In  the  same  place  are  also 
found  references  to  the  literature  regarding  earlier  obser- 
vations of  aerobic  tetanus  cultures  (Belfanti).  Kamen 
(C.  B.  xviii,  61S)  and  Ferr^n  (C.  B.  xxiy,  28)  made  sim- 
ilar observations. 

Intensity  of  Growth  and  Relations  to  Tempera- 
ture.— Grows  moderately  rapidly,  beet  at  3Q°'-SS°,  and 
at  14"  growth  no  longer  occurs. 

According  to  v.  Hibler,  the  growths  upon  artificial  nu- 
trient media  are  the  more  luxuriant  and  sturdy,  and 
the  liquefaction  of  gelatin  tlie  more  vigorous,  the  less 
pathogenic  the  organism  is.  Stmngly  pathogenic  cultures 
often  ]>r™tiice  very  slight  growths.  The  findings  of  Tiz- 
zoni  and  Cattani  have  been  similar. 

Gelatin  Plate. — (a)  Natural  ske:  At  first  minute,  white, 

Citiformciiltinies,  which,  upon  sinking  into  the  medium, 
me  surrounded  with  a  transparent  gray  zone  of  lique- 
faction (44,  iv;  see  also  45,  vi). 

(6)  Magnified  sixty  tim-es:  Usually  the  colonies  have  a 
yellowiBh-l)rown,  very  crumbly  center,  from  which  there 
extends  first  a  rim  of  short  hairs;  later  innumerable, 
intertwining,  interlacing,  corkscrew-shaped  threads.  Tlie 
older  the  colony,  the  more  developed,  longer,  and  more 
irregular  these  outgrowths  become,  and  often  they  break 
np  in  a  crumbly  manner  (44,  ni). 
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Gelatin  Stab. — Deep  in  the  gelatin  along  the  stab 
there  occurs  first  a  cloudy  growth,  then  cyst-  or  tube- 
shaped  excavations,  which  are  filled  with  cloudy,  granular 
liquid  (44,  ii). 

Agar  Plate. — (n)  Natural  size:  Colonies  whitish, 
roundish  to  ragged,  usually  surrounded  by  an  exceedingly 
delicate  veil  (44,  v). 

(6)  Magnified  sixty  limea ;  The  original  colony  appears 
grayish-yellow,  roundish,  opaque,  surrounded  by  a  broad 
zone  made  up  of  the  finest  interlacing  haira.  Toward  tlie 
periphery  it  becomes  trausparent;  toward  the  center, 
grayish -yellow  and  opaque  (44,  vi). 

Agar  Stab. — In  the  stab  prepared  by  a  simple  thrust 
of  the  platinum  loop  there  develops,  deep  in  the  agar,  a 
scaly,  ribbon-shaped  growth  (compare  45,  ii).  If  one 
rotates  the  loop  in  the  agar,  then  the  growth  extends  in  a 
wider  zone  and  consists  of  a  cone  of  cloudy  layers  (44,  i), 
the  surface  of  which,  after  a  very  long  time,  becomes 
covered  with  points  and  fine  serrations  (45,  in). 

Agar  Streak. — No  confluent  growth,  but  only  single 
discrete  colonies  (V'otteler). 

Blood-serum. — Sometimes  liquefied,   sometimes  not. 

Bouillon  (anaerobic)  moderately  clouded. 

Milk. — No  (according  to  v,  Hibler,  very  slow)  coagu- 
lation; reaction  amphoteric. 

Non-albuminous  Nutrient  Media. — Upon  Uschin- 
sky's  solution  no  distinct  growth. 

Resistant  properties  of  the  bacillus  are  without 
practiwil  iiiti.Ti'sl,  ns  it  apornlates  very  readily. 

Resistance  of  the  Spores. — See  page  331,  and  Tizzoni 
and  Cattnni  (C.  B,  ix,  487). 

Chemical  Activities. — See  page  331.  The  forma 
studied  by  us  form  gas  from  sugar  actively;  a  production 
of  acid  could  not  be  demonelratcd  (on  account  of  simul- 
taneous abundant  formation  of  alkali),  firain  nutrient 
medium  was  darkened  (v.  Hililer).  Extremely  vigorous 
production  of  !T,S,  little  inilol.  Attenuated  (slightly 
virulent)  furms,  according  to  Tizzoni  and  Cattani,  often 
form  more  acid  and  grow  more  luxuriantly  (C.  B.  xi,  150); 

genera],  the  virulence  is  well  preserved,     Upon  nutrient 

dia  witliout  sugar,  we  saw  no  gas  production.     Th« 
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chemical  activities  of  malignant  edema  and  symptomatic 
anthrax  are  more  vigorous.  Regarding  toxins,  see  page 
74.  The  similarity  of  tetanus  and  strychnia  poisoning, 
according  to  G.  Erunner,  is  only  superficial  (C.  B.  xxiv, 
629) ;  on  the  contrary,  Luaini  even  claimed  that  tetanus 
antitoxin  had  a  favorable  influence  over  strychnia  poison- 
ing (C.  B.  XXV,  325). 

D  istribution . — 

(a)  OafMde  the  body :  Wide-spread  in  garden  soil,  hay, 
and  dust.  Very  often  tetanus  results  in  animals  from 
the  inoculation  with  samples  of  soil  and  dirt-tioors  from 
dwellings  (Heinzelmann). 

(6)  In  heiiUhy  body :  In  feces  of  horses  and  cattle,  more 
rarely  of  man. 

(c)  In  man  in  cases  of  disease:  Cause  of  traumatic  tris- 
mus and  tetanus,  puerperal  tetanus,  and  tetanus  neona- 
torum through  wound  infection.  The  oi^nism  is  found 
only  in  the  wound  secretion,  and  usually  in  very  small 
numbers;  never  in  the  blood  and  internal  organs.  "  Rheu- 
matic tetanus"  appears  (see  above)  to  be  due  to  tracheal 
infection  with  aerobic  forms  of  tetanus. 

(d)  In  animals:  Tetanus  often  occurs  spontaneously  in 
horses;  more  rarely  in  sheep,  goats,  and  other  domestic 
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Experimental  Observations  Regarding  Patho- 
genic Effects. — 

(n)  In  aninwln :  The  following  are  especially  suscepti- 
ble: Horses,  guinea-pigs,  goats,  mice.  Much  less  so; 
Rabbits,  sheep.  Dogs,  rats  (v.  Hibler  saw  rats  usually 
die),  pigeons,  and  hens  are  almost  immune,  although  the 
toxin  remains  quite  long  in  the  body  of  the  hen.  More 
details  as  to  the  immunity  of  the  hen  can  be  found  given 
by  Asakawa  (C.  B.  xxiv,  166). 

About  twelve  hours  after  subcutaneous  infection  at  the 
root  of  the  tail  witli  virultnt  material,  the  mouse  (simi- 
larly guinea-pigs  and  rabbits),  which  is  the  most  com- 
roonly  employed,  shows  the  first  symptoms  of  tetanus  in 
a  rigidity  of  the  groups  of  muscles  near  the  point  of 
infection  (tail,  hind  leg),  and  it  goes  about  after  the 
fashion  of  seals — i.  e. ,  with  the  extended  hind  leg  drag^ng 
upon  tlie  ground.     Mild  infection  may  cause  auilaSftt^i. 


^L     fashion  c 
^B    upon  tlu 
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tetanus  and  terminate  in  recovery.  General  exaltation  of 
reflexes  may  be  absent.  In  man  and  horses  after  subcu- 
tanoouB  infection  the  first  symptoms  are  not  local,  but 
consist  in  a  stiSnees  of  special  muscles — in  man,  the 
muscles  of  mastication;  in  horses,  the  muscles  of  masti- 
cation, membruna  nictans,  and  those  elevating  the  tail. 
Pure  cultures  cause  no  suppuration  at  the  point  of  inocu- 
lation; the  organisms  remain  limited  to  the  site  of  inocu- 
lation and  do  not  spread  throughout  the  body. 

According  to  Vaillard  and  Kouget  (A.  P.  VII,  755), 
tetanus  spores  which  are  well  washed,  or  freed  from  toxins 
by  long  heating  to  80*,  are  harmless;  trauma,  metabolic 
producta,  admixture  witli  other  bacteria,  protection  of  the 
spores  by  coverings,  are  necessary,  in  order  that  tetanus 
shall  be  produced.  Other  writers,  as  Roncali  (C.  B.  xv, 
439),  dispute  this;  also,  according  to  Donitz,  spores  which 
were  heated  to  65°  for  one  hour  in  10%  solution  of  chlorid  of 
sodium  retained  their  virulence  (Deut.  med.  WocheiiBchr., 
1897,  No,  27,  428).  The  introduction  of  sterile  tetanus 
toxin  may  kill  animals  with  the  symptoms  of  tetanus.  A 
high  degree  of  active  immunity  against  tetanus  may  be 
produced  by  careful,  repeat«d  injections  of  sterile  toxins, 
beginning  with  small  doses  and  increasing  gradually.  By 
means  of  the  serum  thus  obtained,  which  is  rich  in  anti- 
toxin, other  animals  may  readily  be  passively  immunized, 
and  even  small  infected  animals  may  be  cured,  but  horses 
only  with  difficulty.  A  female  mouse  immunized  against 
tetanus  transmits  a  high  degree  of  immunity  to  her  offspring 
(for  two  to  thn^  months),  but  the  immunized  male  dnes 
not.  The  milk  of  an  animal  immunized  against  tttanus 
preserves  or  pnnluces  immunity  in  the  sucking  young  of 
herself  or  otliers. 

(6)  III  man:  Experimental  infections  of  man  with 
tetanus  are  lacking.  Curative  results  from  injection  of 
tetanus  antitoxin  in  cases  of  tetanus  have  often  been 
claimeil.  For  the  older  literature,  see  Remesofl  and 
Fedoroft  (C.  B.  xv,  115);  for  the  latest  condition  of  the 
question,  see,  for  example,  Erdheim  (Wien.  klin.  Woch- 
enschr..  1898,  No.  19,  4fi3),  who.  out  of  22  new  cases,  re- 

irta  11  failures.     {C.  B.  XXIV,  634.)    Also  in  horses  there 

a  reported  some  ^vorablf^  resulU  and  some  failures. 
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Special   Demonstration   and   Culture  Methods^— 

The  denionsti'iition  of  the  tetanus  bacillus  in  the  scanty 
secretion  of  wouiids,  usually  cemented  over,  in  teUinus 
patients  may  be  difficult.  In  the  first  place,  the  wound 
secretion,  which  is  scraped  out,  is  examined  in  microsco- 
pic preparations  for  polar  spores,  whose  demonstration 
under  these  circumstances  may  be  looked  upon  as  fairly 
certain  proof  of  tetanus.  In  the  second  place,  and  it  is 
never  to  be  omitted,  one  inoculatta  a  little  of  the  secretion, 
but  especially  fragments  and  splinters  of  any  foreign 
bodies  found  in  the  wound,  into  mice  (p,  335),  and 
finally  an  effort  is  made  to  cultivate  the  tetanus  bacillus 
by  means  of  anaerobic  sugar- i^ar  plates.  Kitasato  baa 
recommended  a  preliminary  heating  for  half  an  hour  at  80° 
to  get  rid  of  spore-free,  disturbing  organisms;  yet  the  viru- 
lence of  tetanus  spores  is  easily  injured  thereby.  Heating 
to  &i°Sa°  for  ten  minutes  is  sufficient  to  kill  oil  spore- 
free  contaminations. 

Related  Varieties.— Tav el  (C.  B.  xxni,  538)  has 
described  as  Bacillus  pscudotetanus  Tavcl  a  bacillus 
very  similar  to  the  tetanus  bacillus,  which  is  sluggishly 
motile,  presenting  only  8-16  flagella  (tetanus,  50-100!), 
and  which  is  found  in  the  human  intestine.  It  is  a  strict 
anaerobe  and  is  not  pathogenic  for  animals.  Tavel  is  in- 
clined, with  Roux,  to  ascribe  to  the  oi^nism  a  significance 
in  the  causation  of  appendicitis  and  peritonitis. 

Zimmermann  (i,  50)  describes  his  Bac.  gracilis  Zim. 
as  a  non-motile,  facultative  anaerobic  bacillus  with  polar 
spores,  which  grows  upon  plates  like  the  Bac.  tetani. 


van  Ermengem.     (Z.  H.  xxvi,  i.) 


Bacillus  botulln 

Further  iifcraiurf.— Brieger  anil  Kempner  (C,  E.  sxii,  7651,  Mari- 
Deoco,  Kempner  and  Pollack  (C.  B.  xxrv,  899),  EempnerandScLepi- 
lewsWy  (Z.  H.  XXVII.  313). 

Vigorous  rods,  4-!) /i  lonR,  0.9-1.2  /i  thick,  sluggishly 
motile  because  of  4  to  9  fiagclhi.  Does  not  stain  by  Gram' s 
method.  Spores  are  usually  polar.  Si)orulation  is  not 
interfered  with  by  the  presence  of  sugar  in  tbe  nutrient 
medium. 

In  BUgar-gelatin  plates  the  colonies,  according  to  ^^ .  ^i- 


^L    medium. 
■        In  Bug 
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mjjngera,  are  at  first  characterized  by  a  smooth  edge,  which 
later  develops  a  row  of  prickles,  and  by  being  compoawd 
of  rather  coarse,  retractive  granules,  which  are  in  constuDt 
motion.  Later  the  border  becomes  much  notched  and 
irr^ular.  Gelatin  is  liquefieti.  Stab  cultures  are  not 
characteristic.  Id  grape-sugar  gelatin  the  growth  is  more 
luxuriant  and  accompanied  by  more  vigorous  formation 
of  gas  and  liquefaction  of  gelatin;  in  ordinary  gelatin  it  is 
not  characteristia  We  cannot  see  any  essential  difference, 
upon  plates,  between  malignant  edema,  symptomatic  an- 
thrax, tetanus,  and  Bac.  botulinus. 

The  most  important  biologic  properties  are:  while 
grape-sugar  is  fermented  very  intensely,  with  accomjiany- 
ing  gas- formation,  milk  and  cane-sugar  are  scarcely 
affected.  Milk  is  not  coagulated.  A  marked  foul  odor 
never  occurs  even  Ujwn  nutrient  media  containing  no 
sugar,  but  only  a  sour,  raucid  odor.  Sugar-bouillon  be- 
comes uniformly  turbid,  with  a  strong  odor  of  butyric 
acid. 

Optimum  temperature,  below  35°;  obligate  anaerobe. 
Growth  is  checked  absolutely  by  more  tlian  6%  of  chlorid 
of  sodium.  The  spores  are  killed  in  half  an  hour  by  a 
temperature  of  80°. 

Pathogenic  Properties. — The  organism,  when  intro- 
duced by  mouth  or  subcutaneously,  produces  the  picture 
of  botulism,  without  multiplying  in  the  body.  Filtered 
and  devitalized  cultures  operate  in  the  same  way,  since 
toxins  are  formed  in  the  cultures.  Brieger  and  Kerapner 
have  isolated  the  toxin,  and  have  also  obtained  an  anti- 
toxin from  the  eenim  of  animals  which  were  poisoned  for  a 
long  time.  Especially  susceptible  to  the  poisoning  when 
exhibited  by  mouth  are  guinea-pigs  and  mice;  less,  rabbi1«; 
BtUl  less,  rats  and  pigeons;  and  least,  cats,  dogs,  hens.  Cats 
are  also  very  susceptible  to  the  subcutaneous  introduc- 
tion, but  no  local  symptoms  develop.  The  organism  is  the 
cause  of  certain  cases  of  meat  poisoning  in  which  the  enteric 
symptoms  give  place  to  nervous  ones — dilatation  of  pupil, 
disturbances  of  accomniodation,  ajihonia,  paresis  m  the 
region  of  the  tongue  and  pharynx  (paralysis  of  swallow- 
ing), more  rarely  part«isof  the  extremities,  and  finally  of 
the  muscles  of  respiration.     Together  with  this  are  present 


alterations  of  tlie  aalivarj',  bronchial,  and  pharyngeal  mu- 
cous secretions  (usiisLlly  increased  production),  croupy 
cough,  and  inturference  with  the  evacuation  of  urine,  bile, 
and  feces.  Consciousness  is  preserved.  There  is  no  fever. 
In  &  limited  number  of  cases  of  poisoning  by  nteat  in  Ell&> 
zelles  in  Belgium,  the  organiBin  was  cultivated  from  spores 
which  wertf  present  in  exceedingly  poisonous  ham,  and  also 
from  the  spleen  of  a  man  who  had  died  after  eating  the 
ham.  It  appears  to  lie  rare,  and  could  not  be  found  by 
van  Ermengem  in  the  environs  of  men. 

Bacillus  ChauvcEi.     .\ut.  gallic. 

(Plate  Vy.) 

Synonyms. — Bacillus  sarcemphysematia  Kitt,  Rausch- 
brund  bacillus,  Bacille  du  charbon  symptonuitique.  Bacil- 
lus of  symptomatic  ant)irax,  Bac.  anthracis  syrapto- 
matici  Kruse,  Acetone  or  Forbicione  of  Italians. 

Literature.— Kitasito  (Z.  H.  Vi,  105:  VIII,  55);  EWeahergei  and 
Hotmeister,  Patli.  der  Haiuticre  (ll,  p.  458);  Kitt  (C.  B.  I,  G84,  716, 
741)  (C.  B.  Ill,  UTi.  connected  review). 

A  detailed  deRcriplion  of  the  cultures  is  unnecessary. 
As  is  shown  in  Plate  45,  any  sharp  differentiation  between 
this  bacillus  and  the  Bact.  tetani  by  means  of  cultures  is 
not  possible,  tmlcss  one  makes  much  of  the  somewhat 
greater  luxuriance  of  the  cultures  of  symptomatic  anthrax, 
as  V.  Hibler  has  shown.  According  to  Votteler,  the  form 
of  the  outgrowths  in  the  anaerobic  culture  upon  slanted 
agar  is  more  in  round  and  arlxirescent  lobules,  not  in  root- 
like outgrowths,  as  in  malignant  edema. 

The  bacilli  themselves  exhibit  active  motion,  dependent 
upon  peritrichous  flagella  (according  to  Vott«ler,  20  to  40, 
with  which  our  results  correspond),  show  a  tendency  to 
spindle  forms  upon  nutrient  media  containing  sugar,  stain 
well  by  Gram's  '  method,  and  often  possess  spores  which 
are  a  little  nearer  one  end  of  the  bacilli.  Mature  spores 
are  typically  polar  upon  serum  (see  p,  331).  Besides,  the 
bacilli  contain  easily  staining,  clear  granules. 

According  to  Kitasato,  spore- formation  occurs  in  the 
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Aooording  to  Gflnther,  they  do  not  staia  bj  GTWm?»\asie&tA.. 
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animal  only  after  death.  The  viability  of  the  organisms 
with  sporue  in  the  dried  6esh  of  Bymptotnatic  uiilhrax 
aaimals  is  very  great.  The  chemical  activities  of  the 
organism  have  been  fairly  completely  investigated,  most 
of  the  comtnimicationfi  upon  thb  beii^  referred  to  upon 
page  331.  Our  cultures  coagulate  milk;  r.  Hibler  found 
gradual  coagulation.  As  the  cause  of  symptoiuatic 
nulhrax  (*' Rauscbbrand  ")  (a  destructive  disease  of 
cattle,  localized  in  ecrtain  pastures,  and  formerly  confused 
with  anthrax)  it  is  found  in  the  bloody  edema  and  mus- 
cles, the  intvfltinal  contents,  and.  what  is  of  diagnostic 
value,  always  in  the  bile*  of  the  aSected  animals.  Cattle 
usually  die  in  one  and  one-half  to  three  days,  witb  the 
development  of  a  large  crepitating  swelling  of  the  skin, 
regional  swelling  of  the  lymph-glands,  high  fever,  and 
sopor.  At  the  section  there  is  found  wJtliin  the  swell- 
ing a  bloody,  gelatinoas  edema,  beset  with  g&s  bub- 
bles, together  with  slight  hemorrhagic  exuikte  into  the 
BerotiB  Cavities,  and  peritonitis.  The  spleen  is  normal.  , 
The  infection  enters  through  injuries  of  the  skin  or 
mtioous  membranes.  Of  experimental  animals,  espe- 
lly  cows  of  one  to  three  years  (calves  under  six 
itbs  less),  goats,  and  sheep,*  and  most  especially 
M-pigs  and  mice  (rats  somewhat  less),  are  sus- 
ible.  Man  is  immune,  also  swine;  dogs,  cats,  and 
are  rnrely  killed  by  it.  In  horses  and  kindred 
I  the  inoculation  produces  only  a  local  reaction. 
are  infeetiona  with  uttenuated  cultures  (or  dried, 
ifriwi!  symptomatic  anthrax  flesh  heated  to  100'  tof 
il  fiMiii,)  hiive  proved  very  valuable.  Immunization 
BlHyiii]4i>m[itic  anthrax,  ncnordingto  Roux,  protects 
i^ii.-i  iiuilignant  etlenia;  Kitasato  found  the  oppo- 

•Q-cntled  pnerperal  symptomatic  anthrax,  according 
1,  is  pr-Mlucwi  by  the  Bac.  ced.  maligni  (C.  B.  xix, 
Scluii-idemuhl  considers  the  Bacillus  botulinua  or 


'U  !■  alwnpi  nwuHsan-  to  t 
}tm»,  trat  •!»  ttu-  iritc. 

'Tbe  jtotwtfAan  aheep  dLswae,  Bnvlsot,  is  said  ti 
*kBB  (It  P.  VU,  SS9). 
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a  closely  related  organism  to  be  the  causative  agent  (C.  B. 
XXIV,  577). 


Bacillus  cedematis  mallgni.     Koch. 

(Plate  46.) 
Synonyms. — Vibrion  septique  of  the  French.    BacUlua 

of  ID  align  ant  edema. 

Lite-a^urr.— Kooh  (Mitt.  a.  d.  Gesnndheitfnmt  i,  53);  Kitnanto  (Z. 
H.  VI,  111);  .Iciisen  and  Sand  (Dfut.  Zeit.  (.  Tienned.,  xiil);  Penio 
tC.  B,  X,  8a2);  fluroe  (C.  B.  six,  77);  Bcsod  (A.  P.  IX,  179), 

Microscopically.  —  Vigorous  rods,  like  tetanus  Etsd 
symptomatic  anthrax,  but  with  a  greater  tendency  (of 
diagnostic  valuel),  especially  in  the  cadaver,  to  grow  Into 
long  threads.  Active  motion  is  due  to  rather  numerous 
(20  to  40)  peritricbous  flagella,  but  it  is  only  present  in  the 
short  forms,  the  long  threads  being  usually  scarcely  at  all 
motile.  In  the  short  rods  spores  form  at  the  iniddlesome- 
times,  at  the  end  sometimes,  and  they  are  oval  or  spheri- 
cal. Our  cultures  were  not  stained  by  Gram's  method,  and 
most  authors  have  obtained  the  same  result.  In  cnltures 
we  found  the  Bae.  (cdematia  maligni  to  be  indistinguish- 
able from  the  bacillus  of  symptomatic  anthmx,  as  shown  in 
Plate  46)  wc  have  not  placed  more  illustrations  in  this 
plate  because  they  would  be  only  repetitions  of  those  of 
symptomatic  anthrax.  We  found  only  that  the  growth  was 
somewhat  more  scanty  than  that  of  svmptoinntic  anthrax, 
and  the  vitality  of  the  cultures  of  shorter  duration,  Of 
importance  is  the  universally  demonstrated  inability  to 
Bour  milk  (to  break  up  milk-sugar) ;  the  milk  is  coagulated, 
with  amphoteric  reaction.  Abundant  formation  of  alkali 
by  the  organism  reveals  itself  by  darkening  of  the  brain 
nutrient  media.  The  chemical  products  have  been  much 
studied,  and  are  essentially  all  enumerated  on  page  331. 
Also,  in  addition,  in  media  containing  grape-sugar  there 
occur  ethyl  alcohol  and  inactive  lactic  acid  (Kerry).  A 
mixed  culture  of  the  Micr.  acidi  paralactici  Nencki  and 
the  Bnc.  nA.  maligni  produces  butyl  alcohol  abundantly, 
but  neither  variety  alone  can  do  it  (Nencki,  C.  B.  u, 
225). 
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Distribution. — Very  widely  distributed  in  aoil,  con- 
tainiiialed  wfitur,  hay  dust,  etc.  Tlie  inoculation  of  arii- 
inala  (best  guinea-pigs)  with  samples  of  soil  very  readily 
produces  malignant  edema  (still  more  oft«n  than  tutanusj. 
According  to  Home,  the  most  various  septic  diseases  of 
domestic  animals  are  occasionally  produced  by  thia  bacil- 
lus. The  section  reveals,  especially  at  the  point  of  infi'c- 
tion,  a  marked,  bloody,  gelatinous,  often  wide-spreading 
edema,  with  enlargement  of  the  spleen. 

Animal  inoculations  are  made  in  practice  by  the  subcu- 
taneous injection  of  tmaerobic  bouillon  cultures,  most  con- 
veniently with  not  too  small  quantities  of  the  edoniatous 
fluid  from  dead  animals,  or  by  the  introduction  of  the 
infectious  material  into  a  deep  cutaneous  poi-ket.  Sporee 
without  toxins  infect  with  difficulty  or  not  at  all.  The 
administration  of  toxins  or  the  negatively  chemotactic 
lactic  acid  increases  the  danger  of  infection  very  much 
(Besson,  A.  P.  ix,  179).  Also,  according  to  Penzo,  as  in 
tetanus,  the  toxins  formed  in  vitro  are  of  the  greatest  im- 
portance in  the  outcome  of  the  animal  experiment;  small 
doses  of  the  pure  culture  he  found  to  be  without  effect. 
Very  small  quantities  of  very  virulent  cultures  suffice.  Of 
the  ex}wrimental  animals,  guinea-pigs  and  mice,  and,  in 
distinction  to  symptomatic  anthrax,  also  rabbits,  are  very 
susceptible,  and,  besides,  cattle,  sheep,  goate,  horses,  and 
pigeons. 

The  symptoms  of  the  experimental  disease  in  guinea- 
pigs  correspond  very  beautifully  with  those  in  the  sponta- 
neous disease.  Also  in  the  ease  of  animals  dying  from 
other  causes,  especially  in  warm  places,  bacilli  may  be 
found  in  the  blood  (ha^•ing  wandered  from  the  intestiiial 
canal)  which  are  identical  with  or  very  similar  to  those  ot 
malignant  edema;  therefore  care  must  be  taken  in  tlie 
consideration  of  cadavers  which  are  not  fresh! 

In  the  bloixl  of  recently  dead  animals  the  bacilli  are 
not  usually  found  microscopically  (but  may  usually  be 
demonstrated  by  cultures  without  difficulty),  and  very 
soon  after  death  they  sjiread  everywhere,  especially  in  the 
form  of  long  thraids.  In  the  mouse,  which  is  especially 
susceptible,  tliere  is  also  marked  multiplication  in  the 
blood. 
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Infection  occiire  especially  readily  if  the  wound  is  con- 
tused or,  as  la  very  often  the  case  in  natural  infection, 
other  bacteria,  hardly  injurious  of  themselves,  are  simul- 
taneously inoculated;  for  example,  Bact.  vulgare  or  Bact. 
prodigioBUm. 

Brief  Differential  Diagnosis. 

See  the  key,  on  page  306,  for  the  differential  diagnosis 
between  Bac.  oedematis  maiigni  and  Bac.  Chauvcei,  For 
completing  the  diagnosis  the  following  are  to  be  carried 
out: 

1.  Examination  of  a  fresh  preparation  for  motility. 

2.  Two  smear  preparations  are  made  from  the  edema- 
tous fluid  or  muscle  juice  and  stained  with  fuchsin  and  by 
Gram's  method. 

3.  Experiments  upon  guinea-piga,  and  the  examination 
of  tiie  phlegmon  as  to  gaseous  contents,  and  the  bile  for 
bacilli  contained  in  it. 

4.  Experiments  upon  rabbits,  which  often  give  negative 
results  with  the  Bac.Chauvtei. 

Related  Varieties  (Pseudo-edema  Bacilli). 

Bacilli  have  been  described  by  numerous  writers  which 
also  kill  experimental  animals,  with  the  production  of 
bloody  and  emphysematous  edema,  but  which  do  not 
correspond  exactly  with  the  bacilli  of  malignant  edema 
or  symptomatic  anthrax.  Recently  v.  Hibler  has  devoted 
a  special  study  to  these  varietii-s  and  found  representatives 
of  most  of  the  forms  described  which  deviate  somewhat 
in  individual  properties. 

All  these  forms  differ  from  malignant  edema  in  the 
absence  of  thread-formation,  growing  as  short  rods,  like 
symptomatic  anthrax,  and  in  pairs,  and  no  more  distin- 
guishable from  one  another  than  some  of  the  water 
vibriones.     The  following  will  give  some  idea: 

Aside  from  the  absence  of  thread-formation,  the  follow- 
ing correspond  very  well  with  malignant  edema:  the 
pseudo-edema  bacillus  of  Liborius  (Z,  H.  i,  IBS) 
(according  to  Liborius,  it  has  two  spores  in  a  single  cell) 
and  the  Bacillus  emphysetnatis  maiigni  of  Wicklein 
(Virchow's  Archiv,  cxxv,  75),  while  Kerry's  new  patho- 
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genie  anaerobic  bacillus  (Oest.  Z.  f.  Veter.,  v,  H.  2  and 
3)  differs  m  the  rapid  fermentation  of  milk  and  absence 
of  a  dark  color  in  brain  nutrient  nn'rtia.  Klein's  new 
bacillus  of  malignant  edema  (C.  B.  x,  186),  and  abo 
Sonfelicu's  Bacillus  pseu docedematis  maligni  (Ann. 
Inst.  d'Igiene  di  Rouia,  i,  'Alb),  do  not  liquefy  gelatin 
nor  coiigulate  milk,  and  darken  brain  nutrient  media 
intensely.  Compare  also  what  is  said  under  Ba<.',  sporo- 
genes  Klein.  These  findings  naturally  make  the  diagnosis 
of  symptomatic  anthrax  much  more  diflScult 

Bacillus  phleemonis  emphysematoss.     E.  FrankeLi 

Synonym, — Bacillus  capsulatua  acrogenes  Welch? 


(Juhns  Hopkins  Hoep.  Bollotin,  July  and  Atig,,  1892;  Journal  of 
ExpeHmeutol  Medicine,  I,  5,  45);  Dunluun  (Johns  llopkins  U(i»p. 
BqI.,  April,  1897). 

We  are  very  much  in  doubt  whether  the  producers  of 
"gas  phl^mous,"  "foaming  liver,"  " lievelopment  of 
gas  in  the  blood  and  internal  organs,"  described  under  these 
names,  are  always  the  same  organism,  and  in  what  way 
they  are  related  to  other  anaerobes.  At  any  rate,  con- 
sidering the  variability  of  bacteria,  their  identity  is  possi- 
ble. All  the  organisms  appear  to  liave  the  following 
properties  in  common:  ihey  are  plump  bacilli,  which  are 
occasionally  arrange<l  in  long  paeudoth reads,  which  present 
no  spontaneous  motion,  are  stained  well  by  Gram's 
method,  and  very  rarely  (best  upon  blood-serum)  form 
Bpores,  which  are  observed  either  at  the  polo  or  middle  of 
the  bacilli,  Welch  and  Nuttall  usually  found  a  capsule, 
the  German  writers  say  nothing  about  it.  Grai>e-sugar  is 
very  rapidly  fermented. 

In  guinea-pigs  emphysematous  phlegmon  is  produced 
^E.  Prankel,  Emst),  in  which  the  tisanes  arc  often  destroyed 
like  tinder.     Tlie   effect  upon   mice  is  variously  given. 


'  The  name  of  Wcloh  is  n  little  older,  but,  in  the  first  plaoe,  it  ia 
not  tfinnrd  upon  the  Ijjnoniial  plnn,  nnd,  in  the  nrcoiid  plaoe,  it  is 
"''lie  to  oauM  oonfaaioii,  aiucc    BiKilliu  cjiiHulatua  hati  lieen  used 

(Mtrdly  luul  there  is  a  IjacUlus  (or  liocWriaiu)  ({cnerall;  known  ■•' 
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Welch  and  Nuttiill  found,  at  lea^t  in  their  first  cases,  no 
pathogenic  properties  for  animals,  but  observed  marked 
formatiou  of  gas  ia  an  animal  which  was  killed  soon  after 
the  intravenoua  injection  of  0.5  to  1  c.c.  of  the  culture. 

The  organism  has  been  rather  infrequently  isolated 
from  men  with  abscesses  containing  gas,  etc.  Here  also 
belongs  the  Bac.  cadaveris  butyricus  Buday  (0.  B. 
XXIV,  369). 

Occasionally  there  also  occiir  gaseous  phlegmons  and 
similar  diseases  of  intenial  oi^ns,  in  which  are  found  the 
Bact.  coli  alone  or  usually  in  combination  witli  other 
varieties,  but  without  any  anaerobes  being  present.  See 
Bunge  (Fort  der  Med.,  1S94,  xin,  533). 

Bacillus  alvei.     Chesire  and  Cheyne  (Jour.  Royal 
Microsc.  Soc.,  1885). 

Sywonyma.- Bocillas  of  tlit  fuul-ljnxxl of  boes  (French,  ''Loque"). 

Mia-titeBpicaUs:  Straight,  fairly  sturdy  rodii  10.8  ^  thick  and  2.5  to  5^ 
long).  Hlnggiahly  motile,  large  spores  in  epindle-nhaped  Iralfangs.  Tbe 
spores  show  polar  geniiinAtion.  Ouraulture  did  not  Hporulate.  Gelali* 
^atr:  Colonies  first  round,  then  they  l>ec«nie  provided  with  pecnliar 
sturdy  out^wths,  resembling  wiupe  of  straw  or  tendrils  and  vei; 
tort^otiH.  Similar  apiiciimiiDes  occur  in  the  stab  cultore.  Gelatin  ia 
liquefied.  In  the  stub  there  are  often  onljr  single  liquefy  ing  onloniee, 
wbKh  are  snrroondt^I  b;  radiallj  arranged  liquefying  outgrowths; 
often  the  picture  Inoks  like  an  ink  blot  snrrotinded  by  fine  ouldioats. 
Upon  potato  a  yellowiHh,  n])ou  afiar  a  white,  growtii.  Milk  is  first 
■lowlr  ooBKulated;  later  the  cuogulum  is  diavilved  and  the  reaclion  in 
bintly  acid.  The  ot^nuiism  is  only  »  rocnllnliive  anaerobe  ;  our  cul- 
ture from  Rr^  grows  also  oerobically.  Aerobic  potato  cultures  are 
delicate,  tt  produces  neither  indol  nor  H^,  and  no  gas  upon  nu- 
Ment  media  containing  sugar. 

It  ia  the  caose  of  the  oharacterisdo  d  beaee  of  bees. 

We  are  not  Familiar  with  the  actively  motile  Bacillus  piscidicuB 
■gilia  N,  Sieber,  which  was  described  as  a  facnltative,  anaerobic, 
■hurt  bacillus  with  spores  and  which  exhibited  marked  pathogenio 
effect  upon  fish  (C.  B.  XVII,  8881.  O.  Wj-ss  held  it  tti  be  the  Boot. 
Tuluare, which  it  certainly  approaches  very  closely.  N.  Sieber,  in  his 
njily  to  Wyns,  makes  no  mentiou  ot  spores.  Z.  H.  xxvir,  143,  auA 
159. 


The  Anaerobic  Producers  of  Butyric  Acid. 

While  medical  men  have  studied  the  anaerobic  varietieB 

I  from  the  pathogenic  standpoint,  and  only  secondaribj  vc*.- 
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vestigated  the  zymogenic  acUvities  of  tlie  varieties  isolated 
by  them  for  purposes  of  differential  diagnosis,  whereby 
typical  production  of  butyric  acid  was  demouHtrali-il  in 
a  number  of  varieties,  alao  the  ferment  technicians  have 
studied  the  anaerobic  varieties  as  to  their  ability  to  forra 
butyric  acid,  and  have  considered  their  pathogenic  lunc- 
tions  only  secondarily  or  not  at  all. 

Wo  have  not  been  able  to  study  this  group  more  closely, 
and  cannot  refer  to  the  extensive  literature  in  the  absence 
of  any  coinpreliensive  reviews,*  but  look  forward  to  the 
exhauative  publication  by  v.  Hibler.  A  review  was  sup- 
plied by  Baier  in  1895  (C.  B.  L.  i,  17). 

The  following  was  found  in  Fliigge's  laboratory  to  be 
vigorous  anaerobic  producer  of  butyric  acid. 


Bacillus  butyricus.     Botkin.     (Z.  H.  xi,  421.) 


MieroneoiiicaUy :  liiklH  1  ti)  It  /<  loii^,  0.5 /<  (liiok,  often  in  chaim  111' 
flaid  nutrient  media.  Tbuy  are  motile  aiid  stain  by  Gmiii'H  method. 
The  Hpores  are  in  tiiu  middle  or  at  tlie  end,  about  1  ^  thick  and  aro 
formed  only  upon  non-eocchnrine  media.  Obligate  anaerobe.  Opti- 
mum temperature  is  37°.  Upon  en^^-nKar  the  growth  appears  like 
that  ot  the  other  described  nnoeTDb^.  Upou  Hii^r-^hitin  the  ool- 
onies  poaecHs  a  slightly  undulating  border,  as  it  consisting  oF  a  mam 
ot  tclted  threads,  without  the  formation  ol  branches.  Gelatin  is 
lapidly  lii(tielled.  After  flttoen  hoars  the  casein  of  milk  ia  precipi- 
tated, atid  hutyrio  acid  is  formed,  with  violent  liberation  ot  gas;  later 
the  uunf;ulLiin  is  soon  diasolved.  Upon  nutrient  media  containing 
stanch  the  bacillux  presents  inclosiires  staining  with  iodin.  8tnrch  is 
converted  into  sugar,  and  this  directly  into  butyric  acid.  Also  batyrio 
aoitl  Ls  produced  mini  mill;-BUjgar  without  an  intBrmediatu  forniation 
of  lactic  acid.  The  or(canisni  is  widely  distributed  and  supposed  to  be 
nnn-pallioiKnio.  Tlie  following  may  perhaps  appear  an  a  potbogento 
loTia  Ot  this  orgaiiistii. 

Bacillus  sporogenes.     (Klein.)     L.  and  N. 

Bacillus  enteritidis  sporogenes  Klein  (C.  B.  xvin,  78^ 
xxn,  113,  .577;  xxv.  278). 

This   rather  strictly   anaerobic   organism   Btands  ■ 
close  to  the  Bacillus  butyricus  Botkin  (see  above), 
cially    as    regards    t)te    appearance,    staining  propert 
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(Gram's,  blue  with  iodin),  motility,  and  spore-formation. 
The  HagL'lla  are  located  at  the  ends  especially  in  little 
bunches;  the  motion  is  sluggish.  Also,  in  the  edema  no 
long  threads  are  formed.  The  growths  possess  no  mor- 
phologic value.  According  to  v.  Hihler,  gelatin  is  slowly 
li(|nefied.  Brain  nutrient  media  is  very  slowly  darkened. 
Milk  ia  very  rapidly  deconipoBcd,  with  vigorous  formation 
of  butyric  acid  and  gas.'  According  to  Klein,  no  spores 
are  formed  in  milk  in  fourteen  diiys,  but  they  readily 
develop  upon  serum.     Spores  withstand  100°  for  one  hour. 

Subcutaneous  injection  kills  guinea-pigs  in  eighteen  to 
forty-eight  hours,  with  the  development  of  a  wide-spread- 
ing, foul-smelling  edema,  containing  abundant  bacilli,  and 
gas.  Sometimes  there  is  injection  of  the  intestine  and 
peritonitis.  The  spleen  is  not  enlarged,  and  usually  con- 
tains only  a  few  bacilli  and  no  threads. 

In  man  the  taking  of  milk  which  contains  these  bacilli 
in  abundance  causes  severe  gastro-inteetinal  disturbancea 
(enteritis).  So  far,  such  occurrences  have  been  observed 
only  in  England. 

According  to  Klein,  the  bacillus  is  widely  distributed  in 
milk,  intestinal  content*  of  cliildren  and  in  cases  of  diar- 
rhea, in  street  dirt,  sewage,  horse  manure,  etc. 

Diagnosis. — The  differential  diagnosis  from  sympto- 
matic anthrax  is  decidedly  more  difficult  than  from  ma- 
lignant edema.  Attention  must  be  paid  to  the  presence 
of  bacteria  in  the  bile  in  symptomatic  anthrax. 


Other  writers  have  described  other  producers  of  butjTic 
acid.  We  give  here,  accordingto  Klecki  (C.  B.  L.  ii,  286), 
a  comparison  of  three  of  then]  with  the  Bacillus  butyricus 
Botkin.     The  literature  is  found  io  the  same  place, 

'  Aconnling  to  Klein,  if  sjnreA  are  repeatedly  tmnsferred  from 
sngnr-gelntin  M  Bn^r-gclatin,  the  organism  loses  tlie  ability  to  form 
f^H  abandantly  in  milk;  tlie  milk  renminB  alkaline  aad  baa  a  foul 
odor.  Tlie  iNicilluB  forms  long,  uponilatiiig  tlir^ods  instead  ut  the 
short  members  of  the  typical  form;  the  virulence  is  almost  or  entirety 
lost  (C.  B.  XXtl.  5^1).  If  there  haH  been  no  mistake  here,  and  that 
IS  improliable,  then  these  oljseTi-ation»  are  of  very  great  !Ugtii8ain(», 
ainoe  they  show  how  chamcleristics  upon  which  two  apeciee  were  lor- 
erly  based  oouur  aa  two  forms  of  one  uulture. 


J 


^^^^^^■^^^^mm 

348        IMPORTANT  VARIETIES   OF  FlSSlOX-FUyOI.    ^^M 

BadllDi      ■mylo-L.ciiiu.  bulvricu.     B'":'""'   ortho-    BkIIIu.  mmccbu- 

•ynn.            1       HmtiK  ilSai                buiylicui. 

DbutyricuB. 

P«DBII    (IMl).     j                                            ■            G11111BIO.T    11««J»- 

VOB  Klkxi  USM}. 

0.5  f  thick ;  a-3 

0.5/ithiiik:  1-3/1    1.5/< thick;  J-G 

0.7;'thi<ij  5-7 

/-Kmg. 

long;  ill  fluids 
niay  be  even  10 
;"  long. 

/•long. 

fioag. 

Gelatin  untavor-  Konnd     or     oval 

Oval      ooionia 

able   nutrieut 

colonic    with 

with    sbarp 

slightly    wnvy 

borders    and 

liquefied.' 

bordere,    which 

grannUr 

ap[icftr     oa     il 

atrnctnre. 

coni|Ki8e(l  of    a 

Gelatin     oat 

nuwH  of  matted 

liquefied. 

threads.      Gela- 

Very slight 

tin      liqnelied. 

oiTectupoDtbe 

Caxin    IB  dis- 

Bolved. 

Motile. 

Sliglrtly  but  din- 

Motile. 

Sluggishly   mo- 

tinctly motile. 

tile. 

Anaerobe. 

Anaerobe. 

Anaerobe. 

Anaerobe. 

Fonna  sporee. 

Sporesintlie  mid- 

2-3     spores 

PoUr,     oral 

dle,  but  at  times 

formed  in  one 

qnra. 

in    the     ends. 

rod. 

Spores  ovaL 

It    (wiiws    ler- 

It  cauBt*  fermen- 

It   ferment* 

tation  of   milk- 

cerin,    man- 

milk-sugar. 

(jlnwise,  tane- 

nite,   gluco*, 

producing 
fiiityrio    acid, 

aiul  Hlarch,  thiia 

invert -Hngar, 

railk-snjtar. 

pr«dacmKbutrv- 

canc-snear. 

formic  acid, 

and  from  thein 

ric  acid,  propi- 

maltose, milk- 

OV  and   H^ 

toriDB  biitvric 

onic  acid,  acetic 

raijar,     galao- 

Besides  buty- 

«:i(l.  ace  tie 

acid,     formic 

tme,     arabin- 

ric  acid,  then 

Mill,  CXI,,  and 

acid,  iBCtic  acid. 

oK.   Starch, 

is  also  appar- 

^H        H,.     It    fer- 

snccinic  aoid. 

dextrin,  innl- 

ently   pro- 

^^^^^^k      nipiila  Htorrli, 

butyl     a-loohol. 

jn,   thus  pro- 

dnnd a  higher 

^^^^^1     tbna    produo- 

aoiue  ethyl  olco- 

ducing   butyl 

fatty  acid  (va- 

^B i;!:..2°v:i^ 

hol,00„»ndH,. 

aloohol,   some 

lerianic  aoid). 

inobntyl  alco- 

^^^^B  oefaol.      Mine 

hol,      normal 

^^^^H  flUiyl  Bloobol, 

butyric    acid. 

^^H 

^^^■OC^H.. 

acetic   acid, 
formic  acid, 
CCV  and  H,, 

1 

CirEESt^-KIFKXlSG  BACILLI.  349 

Sehattenfroh  and  Grassbergcr  (C.  B.  L.  v,  209)  announce 
the  discovery  in  the  Vienna  Hygienic  Institute  of  three 
furtlier  types '  of  anaerobic  butyric  atid  oi^nisms,  which 
were  found  while  the  Bacillus  butyricue  Botkin  was  being 
sought  for  in  market  milk. 

They  could  not  certainly  identify  their  organisms  with 
the  nuracroiia  anaerobic  varieties  from  milk  whii:h  Fliigge 
has  described  very  briefly  and  designated  by  nunibcre. 

Special  Sporulating  Anaerobic  Bacilli  as  Agents  in 
the  Ripening  of  Cheese, 

The  interminably  disputed  and  difficult  question  as  to 
the  part  played  by  bacteria  in  the  ripening  of  cheese  is 
still  not  satisfactorily  solved. 

It  is  questionable  whether  non-living  milk  ferments 
play  a  part,  as  is  believed  by  Babcock  and  Russell 
(C.  B.  L.  Ill,  615).  It  is  certiiin  that  bacteria  are  con- 
cerned in  the  ripening  of  cheese,  and  very  evidently  quite 
different  varieties  in  different  cheeses. 

Duclaux  was  certainly  right  when  he  said  that  sporu- 
lating  varieties  play  an  important  rQle  in  the  ripening  of 
certain  soft  cheeses  (Cantal,  Backstein,  Limburger). 

Weigmann  described  as  Paraplectrum  fcctidum  (C.  B. 
L.  IV,  820)  an  obligate  anaerobe,  very  like  the  bacilli  of 
tetanus  and  symptomatic  anthrax  morphologically,  but 
not  pathogenic,  which  produces  a  pronounced  odor  of 
cheese.  It  is  usually  aflaociated  with  the  similar  faculta- 
tive anaerobe  Clostridium  ILcheniforme  Weigmann, 
which  usually  forms  spores  at  the  middle,  with  swelling 
of  the  cell,  and,  perhaps,  by  exhausting  the  oxygen,  it 
preparer  the  soil  for  the  Par.  (istidum.  Further  details 
are  found  in  the  original,  which  is  accompanied  by  photo- 
graphs. The  work  shows  how  much  remains  to  be  done 
in  the  field  of  differential  diagnosis  of  anaerobic  varieties, 
and  also  how  insecure  the  genera  paraplectrum  and  Clos- 
tridium are.     (Seep.  125.) 

'All   three  form   bntyrio  acid,   bnt  no  alcohol,  acconipniiie<l  bj 
atmodaiit  liberation  nf  gain,  trcim  millc-sagar,  starch,  or  )rnpp>BQKur. 
On  the  contrary,  thty  aru  without  effect  upon  destrorotatory  tnctk) 
I  acid.     None  of  the  three  peptoaized  the  precipitated  c 
h  motile,  o 
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On  the  other  hand,  in  the  cose  of  oheesra  of  the  charao* 
t«r  of  EiniiK^nthaier  cheese  eBpeciallj*,  von  Freudenreich 
(for  thi3  Bidiilar  Cheddar  cheese,  RusBel  and  Weinzierl, 
C.  B.  L.  HI,  456)  has  reachiid  the  conclusion  that  hem 
the  "  producers  of  lactic  acid  " — t,  e.,  those  related  to  th( 
Btict.  acid  lactici,  etc. — are  eesentially  concerned  in  the 
ripening,  and  Uiat  aerobic  and  anaerobic  varieties  do  not 
ncceesarily  participate,  because  they  were  found  in  ripe 
Em  men  thaler  cheese  in  very  limited  numbers,  together 
with  abundant  generators  of  lactic  acid.  The  addiUon  of 
various  spores  cultivated  from  milk  scarcely  influenced 
the  ripening  process  (v.  Freudenreich,  C.  B.  L.  i,  168: 
V,  241). 

According  to  Oria  Jensen,  the  normal  cavities  in 
EmmenthaJer  cheese  are  due  to  the  activity  of  the  lactic 
acid  bacteria,  and  contnin  CO,,  which  ia  obtjiined  fronti 
albuminous  bodies  and  does  not  originate  from  carbo- 
hydrates (C.  B.  L.  IV,  217).  According  to  v.  Freuden- 
reich,  a  number  of  acid-forming  varieties  gradually  attack' 
the  casein  if  allowed  to  operate  for  a  longer  time,  and 
alter  the  character  of  the  ripening. 

Further,  Gorini  found  that  several  oi^ianisms  of  the 
Bubtilis  group  change  sugar  into  lactic  acid  only  at  higher' 
temperatures,  and  regularly  peptonize  only  when  oxygen 
IB  admitted  (C.  B.  L.  v,  44).  Also  Burri  (see  p.  320) 
has  described  the  Bacillus  bernensis,  a  facultative  aerobic, 
Bi>orulating  organism  from  Eninicnthaler  cheese,  which 
has  a  pronounced  cheesy  odor. 

The  question  is  still  being  actively  discussed.  Those 
interested  will  constantly  find  articles  u[)on  it  in  tha 
second  part  of  the  Centralblatl  fiir  Bacteriologie.  (Com- 
ptire  also,  v.  Klecki,  C.  B.  L.  n,  21.) 

Olav  Johann-Olsen  says  that  in  the  Norwegian  "gam- 
nielost" — a  fine  cheese  with  a  flavor  of  "apple,  lemon, 
and  Camembert  cheese" — there  mo.«t  be  a  cooperation  of 
lactic  acid  bacteria,  Chlamydomucor  caaei,  and  Penicillium 
aromaticum  cosei;  often  also  the  process  is  aided  hy 
Dematium  and  a  tyrothrix  (C  B.  L.  iv,  161). 


I 
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Anaerobic  Bacilli  as  Causes  of  Fermentation  of 
Cellulose. 

Whilti  vim  Senua  detiigimluJ,  as  the  cause  of  fermenta- 
tion of  cellulose,  an  anaerobic  variety  (Bacillus  amylo- 
bacter  v.  Tieghem,  according  to  van  Senus)  which  operatea 
only  in  symbiosis  with  an  aeriibic  variety,  Onielianaki 
(C.  B.  L.  II,  358,  and  v,  433)  isolated  a  thin,  anaerobic 
bacillns,  which  is  not  turned  blue  by  iodin  and  forme 
polar  spores,  and  which  alone  in  a  nutrient  saline  solu- 
tion with  peptone  very  readily  causes  fennentation  of 
cellulose,  with  resulting  formation  of  considerable  quanti- 
ties of  volatile  tatty  acids  (among  them,  normal  butyric 
acid),  CO,  and  H,.  We  might  give  a  large  number  of 
organisms  cfiusing  decomposition  of  cellulose.  The  litera- 
ture is  given  by  Hcrfeldt  (C.  B.  L.  i,  114). 

Ab  Amylobacter  navicula  Wchra.,  Wchraer  has  cli-seribed  a  taoul- 
tetive  anaerobic  bacillus,  when  npnTulnUng  assuming  a  Clostridium 
form,  which  is  motile  when  young,  is  partially  stained  blue  with 
iodin,  diawlvia  cellulose,  and  plays  an  important  rAle  in  the  net-rot 
of  potatoes.  Wehmer  has  not  cairieil  out  a  sharp  separation  oF  this 
variety  from  related  ones  (C.  B,  L.  iv,734).  He  here  also  describes  a 
second  Mponiliitinn  variety,  lint  Rivi-a  it  no  nnnie. 

Anaerobic  Bacilli  in  the  Retting  of  Flax  and  Hemp. 

According  to  Winogradski  and  Fribea,  the  retting  of 
flax  (isolation  of  the  bast  fibers  by  softening  in  water)  de- 
pends upon  an  anaerobic  bacillus  with  terminal  spores, 
which  breaks  up  the  cementing  mati^rial  (calcium  peo- 
tate),  with  the  production  of  butyric  acid.  Also  the  ret- 
ting of  hemp  is  brought  about  by  an  anaerobic  bacillus, 
but  it  presents  central  sjTorea  and  a  blue  color  after  iodin. 

Geretner  (A.  K.  i,  p.  152)  has  collected  numerous  anae- 
robic, spoTulating  varieties  in  addition  to  these,  and  has 
attempted — a  perfectly  thankless  task — to  arrange  them 
in  a  scheme  according  to  the  descriptions  found  in  the 
literature. 
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IIL  FAMILY  SPIRILLACEAE  i^MIGULA).    SCREW 
BACTERIA, 

(For  family  and  geDua  diagDUHia,  sue  p.  125.) 

We  have  adopted  the  improved  definition  of  genus  as' 
originating  from  Lofflor  instead  of  those  of  Miiller,  Cohn, 
and  Ehrenberg  for  vibrio  and  spiriliiim. ' 

1.  Spirals  rigid: 

(a)  With  one  (rarely  two  or  three)  polar  flagellum;  very  J 
rarely  without  flagella.     Vibrio. 

(6)  With  a  polar  bunch  of  Hogella.     Spirillum. 

2.  Spimlfl  flexible:  Spiroch£Ete. 
Other  writers  have  retained  the  somewhat  older  (1889)  j 

olaseification  of  J.  Schroter,  which  ia  as  follows:  | 

1 .  Cells,  bent  into  more  or  less  pronounced  screw  forniB,  1 
rigid,  in  the  vegetative  form  actively  motile,  forming  t 
dogenouB  spores.     Spirillum. 

2.  Vegetative  cells   slightly  bent,   rigid,   usually  with  ] 
half  a  turn  (comma  form),  actively  motile,  with  arthro- 
spores.     Micro  spira. 

This  seems  to  us  to  hav«  no  advantagi^,  but,  indeed^ J 
great  disadvantages,  since  sporos  are  entirely  unknown  ittM 
most  spirilla,  arthrospores  in  microspira  are  denied  byV 
most  authors,  and,  besides,  the  name  microspira  has  been  I 
used  by  no  one  tor  ten  years. 

'It  certainly  does  not  appear  poesible  to  moke  a  idiarp  w,  

the  iKoen  vibrio  and  Bpirillum  amording  to  whether  they  an  prcK  1 
vided  with  one  or  rieveml  polar  Qoftella,  and  thiui  there  is  InmisliM  ft  1 
new  proof  of  the  neoeseity  of  ;^-nt  caution  in  eatalilishing  cloMiBo^  1 
tiotiH  upon  the  nnraticr  tuid  armnfienient  of  ftiiKelln.  Acuordii^  to  J 
(lanther,  liin  Vibrio  t«rri){enus  hue  a  fluKeUam  on  nuih  end,  and  oftM  J 
buncliMiof  flatttlltt!  Eutocherhasfonnd  niniu  bent  formn  which  pm*! 
sent  homy  onl^rronlhs,  forkinKS,  etc.  Since  Zettnow  {Z.  H.  XXr7,  ■ 
73)  hoH  photOKmpheil  beaatital  btmehai  ot  Ba^Un  upon  the  onfr-l 
((Towtbi,  one  cannot  eonclnde  that  here  invohition  forma  a  '  ' 
dr»lt  with.  Severin  Iuih  mode  siiuilikr  olwrrationa  in  the  CA 
VHmo  denitrificans  (C.  B.  L.  in,  504).  Here,  however,  the  formal, 
of  brnnehinf!  forms  is  not  nnder  coiwidemtionj  but  trirwliate  (or 
(reeemblinfc  a  nlema).     Compare  the  remarks  in  conneotioo  witb  tl 


Finsio  cnoiEBM. 

I.  Vibrio.    (F.  0.  Muller,  emend.  Loffler.) 

Cells  shnrt,  eiigbtly  bent,  rigid,  ctinima-sliaped,  eome- 
tinioB  united  in  screw-like  forme,  usually  only  one,  excep- 
tionally two,  polar  flagella.  There  are  no  endospores. 
According  to  Hiippe,  arthrospores  are  formed. 

Key  to  the  Recognition  of  the  Most  Important 
Varieties. ' 

1.  MotLle  withont  pho&phoresi-i.-iiC('. 
(a)    Gelatiii    slowly   liquefied.      Nitriwo-indol   reaction.      Yonng 

gelatin  plate  colonies  coaa-Rclygnuinlar. 

(a)  Usaalljr  not  pathogenic  for  pigeons.      Vibrio  choleree  (Koch) 

Buohner,  pn^  353. 
(^)  Tery  pathogenic  for  pigeons.     Vibrio  Metscbnikovii  G»ma- 
leia,  pBf^  34t6. 
(6)  GelaUn   rapidly  liqnefled.     No  nitrcso-indol  reaction.     Yonng 
gelatin  plate  oalttires  finely  gcanuliw,  brownish-yellow.     Vibrio  Pro- 
teuB  Bucliner,  page  367. 

(e)  Gelatin  not  lii|Ueficd.  Vibrio  terrigcnus  GUnther  and  Vibrio 
tonsillaris  Stephens  and  Wood  finiith  (C.  U.  xtx,  929)^  pane  371. 

2.  Motile  with  phosphoreHcence.  Vibrio  albensis  I,elim,  and 
Nenm.,  page  370. 

3.  Non-motile.  (Spirosoina  Mignla).  Vibrio  nassJis  Weibel,  Vib- 
rio lingualii  Weibel,  pages  a75,  376. 

Vibrio  cholers  1  (Koch).     Buchner. 
(Plates  47-5L) 
Synonym, — Spirillum  cholerffi  Koch, 
Common  Names, — Comma  bacillus,  cholera  bacillua, 
"  Bacille  vii^iile  "  of  t!ie  French, 

Literature. — Pelri,  der  Ciioleraktini,  Berlin,  1893.  It  contains  all 
bacteriologic  literatnre  np  to  1993.  Voges  baa  collected  oritically  139 
more  recent  works  {C.  B.  xix,  466) . 

I  Microscopic  Appearance. — Bent  rods  (about  2  n 
long,  0,4  ^  thick),  the  ends  not  lying  in  the  same  plane. 
The  bending  is  often  slight,  scarcely  perceptible;  at  other 
times  pronounced  (51,  i,  m),  so  that  they  are  almost  in 
° 
; 


Because  of  the  close  relationship  of  the  varieties,  the  brief  atate- 
its  in  the  key  can  only  point  toward  a  diagnosis,  and  not  famish  a 
oomplete  dewription. 

In  the  description  illustrationa  of  relabxt  varieties  are  also  re- 
ferred to,  when  similM  pictures  occur  eiceptionallf  in.  clwlfiTO.. 
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the  form  of  a  semicircle.  By  the  adhering  together  of 
two  vibriones  there  occur  Buch  fonns  as  tlieee:  ;  and  ;. 
Under  unfavorable  conditions  of  growth  (lack  of  oxygen, 
lack  of  albumin,  etc. )  the  vibriones  grow  inki  true  screw 
forms,  which  often  cannot  be  recognized  as  composed  of 
separate  vibriones.  According  to  Cramer,  under  eaj^e- 
cially  favorable  conditions  (soda  bouillon  in  a  thin  layer) 
there  occur  especially  short  oval  or  cocci-like  formations. 
In  old  cultures  there  are  manifold  involution  forma  (51, 

Motility. — Very  distinct,  rapid,  turning  motion,  de- 
pendent upon  one,  rarely  two,  long,  terminal  Hagella 
which  are  somewhat  spiral  in  form  (51,  ii). 

Staining  Properties. — Stains  with  the  ordinary  anilin 
dyes,  but  not  especially  easily;  not  by  Gram's  method. 
Usually  carbol-fuchsin  diluted  ten  times  is  employed  for 
staining,  it  being  allowed  to  act  for  a  few  minutes  when 
warm. 

Relation  to  Oxygen. — Aerobically,  and  much  more 
slowly  anaerohicallv,  it  forms  powerful  toxins. 

Intensity  of  Growth.— Optimum  at  37°,  but  also 
very  well  at  22°.  Th«  Iwwer  limit  of  growth  has  been 
found  to  be  10°-12°,  sometimes  8°. 

Gelatin  Plate. — At  first  small,  yellowish-white  to  yel- 
low, roundish  colonins,  which  us  early  as  twenty-tour  to 
thirty-six  hours  sink  into  the  gelatin  in  holes,  and  later  in 
saucer-shaped  areas  of  liquefaction. 

(a)  Nalural  size:  The  mpidly  enlai^ng  zone  of  lique- 
faction at  first  remains  clear  (48,  vi);  later  it  becomes 
cloudy,  and  usually  gray,  from  the  colonies  disintegrating 
more  and  more  (48,  viri).  In  many  cases  after  a  longer 
time  there  are  present  in  the  liquefied  zone  concentric 
rings  (48,  ix),  which  increase  from  day  to  day  (48.  vii). 

(6)  Magnified  sixly  Hmes :  After  sixteen  to  twenty-four 
hours  the  colonics  are  visible  as  minute,  pale- yellowish, 
roundish,  coarsely  granular  disks  nilb  more  or  less  of  a 
crumbly  character  at  the  border  (49,  i).  Often  at  this 
stage  a  baaiitiful,  intensely  red  n'llex  appears  at  the  per- 
iphery of  the  colonies.  The  older  the  individual  colonics 
become,  the  more  the  granular  character  increases,  and  ^ 


stage  18  soon  reached  where  the  coloniea  (ippear  to  con- 
sist entirely  of  most  minute,  strongly  reflectiiit;  fragmenta, 
looking,  accorJing  to  Koch,  as  if  covered  with  broken 
glass  (49,  II).  This  is  the  most  characteristic  stage.  The 
Uquefactiou  now  rapidly  advances.  The  peripheral  parta 
of  the  coloniea  dismtegrate  more  and  more  (49,  in,  v), 
the  structure  appears  fragmented  and  very  granular,  and 
sometimes  a  hairy  border  is  formed  at  the  periphery  (54, 
v)  or  a  gray  transparent  zone  (53,  in),  until  finally  the 
entire  colony  is  broken  up  into  single  fragments  and  small 
portions  (49,  viii).  Sometimes  also  tiie  colonies  may  per- 
sist as  compact  masses  in  the  areas  of  lifiuefaction  (49, 
ix),  when  they  are  dark  yellow  to  brown  (50,  iv),  and 
there  even  occur  fonns  which  have  absolutely  no  resem- 
blance to  cholera  (50,  i,  ii,  v).  In  general,  the  varia- 
bility is  extraordinarily  great,  aa  is  sufficiently  shown  in 
the  uluatrations  (49,  iv,  vn;  50,  iii;  53,  v;  54,  v,  vi). 

On  one  occasion  in  a  gelatin  plate  of  vibrio  aquatilia 
irregularly  formed  secondary  colonics,  resembling  those  of 
the  Bact.  eoli,  were  observed,  and  similar  ones  of  the 
vibrio  cholerte  (53,  vn)  may  also  occiu*. 

Gelatin  Stab. — At  first  thread-like  and  not  character- 
i8tic(47,i;  53,  n;  54,  i).  Aiteraahort time — twenty-lour 
to  thirty-six  hours — tliere  occurs  upon  the  surface  of  the 
gelatin  a  very  small  perforating  depression,  which  soon 
extends  further  in  the  form  of  a  large  air-bubble  (47,  ii). 
In  the  depth  t!ie  liquefaction  extends  in  the  form  of  a 
flattened  funnel  until  the  wall  of  the  tube  is  reached  (47, 
m,  iv).  Later  the  liquefaction  becomea  cylindric.  The 
area  of  liquefaction  is  sometimes  cloudy  (47,  in),  some- 
times only  filled  with  the  finest  fragments  (47,  rv).  In  the 
stab  canal  granular,  yellowish -white  masses  are  usually 
implanted.  It  has  been  demonstrated  by  many  observers 
that  freshly  isolated  culturea  of  cholera  vibriones  are  able 
to  liquefy  gelatin  more  vigorously  than  old  laboratory 
cultures;  therefore  one  must  guard  against  recognizing 
rapid  liquefaction  of  gelatin  as  evidence  agains.t  the  diag- 
nosis of  cholera.  (See  p.  61.)  Such  liquefactions  as 
shown  in  Plate  54,  n,  ni;  Plate  53,  i,  n;  Plate  62,  i,  ii,  are 
/  unusual,  but  do  occur. 

Agar  Plate, — (a)  Natural  sm :  Roandiah,  U^\.\«.(i'«-sv- 


.  Ti).  Ai^  rnmik.-  At 
fim  H^t  lnnwiiHif.iij.  villi  ■  Bdist  loeter,  warj, 
BDogdi  bsrda;  a  littie  dcrsted,  and  after  a  Un^  time 
bwoiDBig  eoknd  a  viflowiEb-teiivn  (47,  vd).  Tbe  agar 
Mmk  uwnajMuda  to  thia  (47,  t). 

Scmm  Cwltere,.— fighJifiri  Uood-eernm  at  incabator 
tempaalaie  is  nftidlj  Bqnefied. 

BouiDoii. — At  iDcobator  tenipeiatare  after  ten  to  blx- 
lecn  bcMus  ihen  is  a  difiose  douoiDesB.  wry  oflm  nith  tbe 
(onoatioa  of  a  distinct,  more  or  legs  t^id  or  friable  pelli> 
cle.  Id  coltaies  frrafalr  isolaled  from  th«  body,  pellids 
formation  mar  sometimes  be  eDtirelr  ab^eiil;  wh«Q  the 
reactioa  is  etixHiglv'  alkaline,  the  pellicle  becomes  thicker 
and  finner  (Cramer).  Sometimes  we  have  met  with  very 
compact,  wrinkled  pelliclee,  bat  in  a  Eobeequeot  caltuie 
upon  the  same  DQtrient  medium  nothing  striking  was  ob- 
Bcrvol. 

Milk. — Koch  described  the  vibrio  cholene  as  baring 
no  particular  effect  ujKin  milk.  More  recently  many 
writuni  have  iaolatcil  cliolera  ■\ibrione8  from  typical  cases 
of  cholera  which  coagulate  milk.  The  fommtjon  of  acid 
MMara  to  most  of  the  authofB  to  he  sufficient  eiplanaticm 
I  ib»  cowilnfion;  a  rennet  ff-nnent  has  not  iwen  demoa- 
IfMUd,     For  details,  see  Schoffer  (A.  G.  A.  xi,  262). 

Ito  Culture. — Upon   faintly  ncid  pot-ito  there  is 

_  it  (wcura  only  at  inculiator  tempera- 

Aui.nliiigtoKrnnnhaJa  (U  B.  xm,  33),  there  we 
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acid  potatoes  which  become  alkaliue  after  standing  and 
then  become  a  good  nutrient  medium.  Tlie  acid  reaction 
may  be  gotten  rid  ot  by  washing  the  sterile  pieces  of 
potato  in  Bterile  0.25%  to  O.SJfc  soda  solution  or  0.5%  to 
b.lSfo  solution  of  sodium  hydroxid  until  the  fluid  becomes 
yellowish.  If  inoculjilion  is  made  after  washing  oS  the 
fluid,  the  cholera  vibrio  will  surely  grow;  also  ifo-^fe 
sodium  chlorid  solution  performs  the  same  service, 
although  the  reaction  of  the  potato  remains  acid.  Upon 
potatoes  impregnated  with  sodium  salts  the  cholera  vibrio 
grows  at  20°,  not  only  at  37°.  (Voges,  C.  B.  xin,  543. ) 
Upon  ordinary  potatoes  not  thus  prepared  the  growth  is  as 
follows:  At  first  a  dirty  white  to  yellow  growth,  scarcely 
at  all  elevaled,  with  a  moist  luster,  not  sharply  outlined 
from  the  surrounding  medium  (50,  vi).  After  st^inding 
longer,  the  yellow  color  is  transformed  into  a  brownish- 
red,  while  the  culture  spreads  over  the  whole  potato 
(50,  VII). 

Nutrient  Media  More  Rarely  Employed.— In  sterile 
eggs  the  cholera  vibrio  grows  very  well,  and  here  many 
varieties  (also  when  every  contamination  is  excluded) 
form  abundant  H,S,  while  others  fonn  little,  and  still 
others  none.  Thus  the  long  contest  regarding  this  is 
settled.     (See  Abet  and  Draer,  Z.  H.  xix,  Gl.) 

A  solution  of  1%  peptone  and  0.5%  chlorid  of  sodium 
in  water  (peptone- water)  is  much  employed,  especially 
for  the  demonstration  of  the  formation  of  pellicle  and 
indol.     (See  p.  371  regarding  preliminary  culture. ) 

The  cholera  vibrio  grows  very  well  upon  Uschinsky's 
nutrient  medium;  according  to  Voges,  with  pellicle  forma- 
tion; but  indol  is  never  formed  in  it. 

Spore-formation. — The  formation  of  arthrospores  as 
described  by  Hiippe  (compare  illustration  on  p.  25) 
has  been  verified  by  most  subsequent  investigators  at  the 
most  in  a  botanical  sense,  and  it  appears  to  have  no 
practical  significance  as  far  aa  the  resistance  of  the  vibrio 
is  concerned.  Also,  Friwlrich  could  never  observe  germin- 
ation of  the  "arthrospores." 

Viability. — 
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sixteen  days;  in  rare  cBsea  living  vibrios  have  been  tonod  after  forty- 
seven  dnjs  (Rommelaire). 

ifi)  Id  biiuicra  aluulH  t)ie  ribriils  nre  UEOaUy  uiive  after  one  or  two 
dajs;  more  rarelj,  twenty  to  thirty  iluys;  still  more  rarely,  lungei'; 
in  one  instance  tbey  were  alive  (or  one  hundred  and  twonQr  dsyc 
Very  'Mmjl^r  reanlts  obtain  in  the  cnae  of  clothing  which  is  kept  tuaiat. 

(e)  In  Dultures:  The  cholem  vibrio  belongs  iLmon)i;  the  varieties 
which  die  ont  eiwily.  Aec-ordiiig  U>  UutUchlioli  and  Weiring,  Uie 
namber  of  living  individuals  Ju  a^ps  streak  cultures  very  rapidly 
diminishes  (Z.  H.  xx,  370). 

Yet  living  individuals  ore  usually  (csund  in  cultures  tbree  montliB 
old,  still  frequently  in  those  six  months  oM,  and  now  and  then  in 
those  one  year  of  age,  if  only  loo  extreme  drying  is  avoided.  Morplio- 
logically  sncb  onlturefl  coi;HiHt  olmoet  entirely  of  involution  fonns. 
(Dimpore  51,  iv. )     Aooonling  to  HUppe,  aim  arthroHpores. 

(d)  In  water:  Very  different  results  liave  been  obtalnpd  by  writers 
aa  regards  the  viability  of  cholera  vibrios  when  intcodncvd  into 
nnsterilized  water,  varying  from  one  d»y  1o  one  year.  Low  tempera- 
ture, exolutiion  of  light,  and  the  preseuce  of  salts  favor  preservation; 
now  and  ttien,  alito,  nn  increuse  is  undoubtedly  denionslrahle.  Most 
often  in  well-  anil  river-water  death  of  the  cholera  vibrios  is  observed 
in  three  to  eight  dayH.  For  more  details  see  Fieker  <Z.  H.  xxix,  li. 
According  to  Ilankiu,  the  water  of  nuuiy  Indian  rivers  kills  cholera 
vibriouia  very  promptly;  these  watera  are  said  ia  oonl«in  "orrtAin 
volatile,  acid  substances." 

[r)  Upon  fowlB,  usually  a  few  dayB;  coffee,  one  hoar;  beer,  one  or 
two  hours;  nnl  winei,  ten  minutes.  For  further  dclAils  oompvB, 
UHelmann  (Uerl.  klin.  Wocheusclir. ,  18))2,  l'20tl )  and  Friedricb  (A. " 


Resistance  to : 


(a)  tknirenlion :  Some  statements  are  fonnd  on  iiage  41;  the 
literature   is  given   by   Ficker.     Uffelnmnn    upholds   lu^    Willil 
contests  the  possibility  thut  cnrrunts  u(  wind  ocousionally  vwj   ' 
tribute  living  cholera  vibriones  in  a  partially  dried  stote. 

\b)  Moi»t  hrat :  KUled  in  ten  minutes  at  60°. 

(c)The  resistADce  to  cvid  is  given  very  differently  by  various 
authors.  All  German  investigators  fonnd  them  to  withstand  even 
verj'  low  temperatures  for  a  short  time,  but  our  winter  ci>1d  15" -10° ) 
was  found  sufficient  to  destroy  them,  often  even  in  three,  always  in 
eight,  days  IRenk,  Vffelmann,  etc.). 

Others,  especially  Knssian  writera,  found  greater  rtsislancc.  Tbns, 
Kasansky  claims  that  neither  a  short  exposure  to  a  tempemture  of  30°, 
nor  the  opemtion  of  four  niontlifl  of  Itiuviiui  winter  and  repeal«d 
freezing  and  thawing,  completely  dcstroyii  the  eholern  vibrio.  Similar 
results  were  yielded  by  experiments  with  Vibrio  Proteus,  tyrogcnea, 
etc.  (C.  B.  XVII,  184). 

(rf )  For  the  effects  of  dirinfecling  agnlt  see  Kasansky  (C.  B.  XVn, 
506).  Tlie  resistance  is  alight;  especially  acids  are  poorly  boiiMb 
Iodoform  vapor  injures  the  cholera  vibrio  more  than  "  —  -  ~  -  - 
(Boohner,  Bujwid). 
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poorly  boiiMb  ^H 
he  other  viliiiia|^H 


fe)  According  to  investigationB  by  Pulenuo,  cholera  vibrios  in 
bouiltan  ore  ruhWd  of  ttiBir  virulence,  but  not  killed  in  three  to  four 
honrs  hy  siuligbt,  and  in  nix  to  se-ven  houra  become  non-motile. 

Chemical  Activities. — 

(n)  Chromogenems :  Slight  upon  potato  only.  For  chol- 
era-red reaction  see  below  (54,  iv). 

(6)  Odoriferous  and  guatiitive  subatancea :  The  disagree- 
able odor  of  cholera  bouillon  cultures,  which  is  difficult 
to  deecribe,  was  pointed  out  by  Laser  as  of  diagnostic 
value,  but  it  is  not  sufficiently  specific, 

(c)  fhTmation  of  gas  and  acide  fi-om  carbohydrates :  Dex- 
trorotatory lactic  acid  is  formed  in  abundance  from  sugar 
(grape-,  cane-,  and  milk-sugar)  without  perceptible  pro- 
duction of  gas  (Kuprianow,  A.  H.  xix,  282).  In  10  cc. 
of  litmus  milk  the  cholera  vibrio  forms  a  blue  pellicle  on 
top,  the  following  layer  is  red,  the  deepest  part  is  decolor- 
ized (reduction);  thus  the  formation  of  alkali  is  favored 
by  the  entrance  of  oxygen,  and  the  fennentation  of  sugar 
and  formation  of  acid  by  aaaerobioais  (Hellin). 

((i)  Produdum  of  ferments:  Besides  bacteriotryjwin, 
some  invertin;  also,  according  to  Sclavo,  rennet  ferment. 

(c)  H)9  :  In  peptone  bouillon  rather  abundant.  (See 
e^  culture,  y.  357. ) 

(/)  Phmphorfinnmce :    According  to  the  statements  of 
Rumpel,  two  cholera  cultures  ( ' '  Oergel ' '  and  ' '  Elwers ' ' ) 
were  photogenic.     R.  Pteiffer  assumes  that  there  is  here  i 
a  mistake,   and  denies    that  these  photogenic   cultures  1 
belong  to  cholera,  basing  his  conclusion  upon  his  immun- 
ity reaction  described  below  (p.  373).     It  is  also  consid- 
ered by  most   authors — for   example,   Dunbar — to  be  a 
photogenic  vibrio  from  water,   etc,,   and  not  a  cholera  I 
vibrio  at  all.     But  recently   Weleininsky,    in   Huppe's 
institute,    baa  observed  two  cultures   of   cbolem  vibrios  I 
become  photogenic   after   passage  through    the    body  of  j 
pige<5ns,  which  were  not  so  previously  (C.  B.  xviii,  285). 

(g)  Indal:  Usually  abundant  production  of  indol  upon 
nutrient  media  containing  albumin  or  peptone.  Accord- 
ing to  the  number  introduced,  sufficient  indol  for  demon- 
stration is  formed  in  peptone-chlorid  of  sodium  solution 
in  three  to  six  or  nine  to  twelve  hours.  Since  simultane- 
ously, from  the  small  amount  of  nitrate  contained  in  the 
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peptone  and  clilorid  of  sodium,'  etc.,  some  nitrate  is 
produced  (Petri),  indol  can  be  demonstrated  by  the  addi- 
tion of  sulphuric  acid  alone  :  "cholera  reaction  of  Dun- 
ham and  Bujwid,"  nitroso-indol  reaction  of  the  authors. 
After  keeping  the  culture  longer  the  intensity  of  the  reaction 
increases  somewhat  up  to  twenty -four  or  forty-eight  houre; 
later  the  nitrite  gradually  decreases,  and,  in  order  to 
demonstrate  the  quantity  of  indol,  which  increases  for 
some  days,  some  nitrite  solution  must  be  added  (p.  78), 
when  a  dark  violet-red  color  is  obtained.  A  lai^  loopful' 
of  an  old  agar  culture  will  carry  sufficient  indol  into  10  co. 
of  peptone  water  for  demonstration.  The  indol  reactioft 
rarely  fails.     (See  p.  372. ) 

(h)  Toxins :  Manifold  poiBons  have  been  produced  from 
cholera  cultures,  but  all  are  much  less  poisonous  than  the 
original  material.  According  to  R.  Pfeiffer,  these  poiaons 
are  to  be  conceived  aa  secondary,  altered  products  from 
the  disturltiiig  action  of  reagents.  Much  mure  powerful 
but  qualitatively  similarly  acting  poisons  are  obtained 
from  the  bodies  of  the  vibrios  by  very  careful  killing  of 
the  pure  culture  upon  agar  with  chloroform  or  by  brief 
heating,  but  the  filtrate  of  young  cultures  is  not  poison- 
ous. '  Three  times  the  quantity  (about  0.5  mg.  agar  cul- 
ture) of  the  minimum  fatal  dose  of  living  bacteria,  after 
bciug  killed,  also  kills  a  guinea-pig  in  sixteen  to  eighteen 
hours.  By  longer  heating  the  toxicity  rapidly  decreases. 
The  effects  of  all  these  poisons  when  injected  intraperi* 
toneally  are  exactly  the  same  as  those  following  the  intro- 
duction of   living  vibrios  into  the  peritoneum :  rapidly 

*  II  the  peptone  and  sodiani  chlortd  are  abaolately  tree  ol  nilnti^  I 
then  a  neak  aolntion  of  nitrate  inuHt  liewldL'd.    Ai'«i>r<ling(oBIeiK^ 
40  drops  ol  a  0.08%  Bolntion  of  nattpctcr  to  100  of  nuBienl  soltitb 
was  the  proper  ijuanltly.     II  the  nntrienl  inediDm  contAins  too 
nitrate,  too  mueb  Ditrite  ia  supplied  and  inlerleres  with  the  ni 
indol  (Miction. 

■  Mctachnikofl,  Hoax,  and  Taarelli-Salimbcni  have  obtained  1 
ineans  of  all  sorts  of  devices,  fluid  cultures  of  hifchly  vimlent  obo 
oigauisms,  the  Qlliatee  ol  nhicii  were  very  poisoDOos.  With  i 
toxins  also  cb'>lpra  antibixins  can  be  prodnced.  While  Pfeifler^  ai 
baoterial  serum  protects  animals  very  well  from  intraperitoneal  inl 
tioti,  it  ia  entirely  without  etTcvt  Bftniust  infection  throufch  the  ahmuM 
,   aaaJut  whtoh  the  antitoxic  acnuu  ^onla  some  protectioii  (C.  ] 
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developing  algid  stage,  muscular  wcalmees,  sleep,  falling 
of  U'Diperaturc  to  30°,  death  in  sixteen  to  eighteen  hours. 
Yet  it  must  be  emphasized  that  various  proteins  (from 
Bact.  prodigiosum,  Bact.  coli),  when  introduced  into  the 
peritoneal  cavity  of  guinea-pigs,  produce  the  same  ayinp- 
toma  (Hiippe,  Klein,  and  others);  also  Voges  obtained 
similar  residl^  with  papain.  Regarding  the  theory  of 
Emmerich  and  Tsuboi  (Miiiich.  med.  Wochenschr.,  1893, 
473,  497),  that  cholera  is  &  poisoning  by  nitrite  origi- 
nating in  the  intestine,  see  page  94. 

Distribution,— 

(a)  Oulshle  tJie  body:  Recently  they  have  been  found 
not  infrc(]uently  in  water  (wells,  tap-water,  rivers,  har- 
bors, canals),  which  had  been  contaminated  with  dejecta 
from  cholera  cases,  yet  their  presence  is  only  valuable  if 
the  diiferential  diagnosis  from  the  "water  bacteria  resem- 
bling cholera  "  is  carried  out  with  great  caution.  (Com- 
pare p.  373,  etc.) 

(6)  In  the  healthy  body :  Not  infrequently,  in  times  of 
cholera,  cholera  vibriones  have  been  found  in  healthy 
persons  without  any  pathologic  symptoms  ("Cholerage- 
BUnde").  For  example,  Abel  and  Claussen,  upon  re- 
peated examination,  found  cholera  vibriones  present  at 
some  time  in  14  out  of  17  healthy  persons  who  were  mem- 
bers of  7  families  in  which  there  were  cases  of  cholera;  in 
many,  for  as  long  as  fourteen  days.  Negative  days  inter- 
venwl  between  the  ones  when  positive  results  were  ob- 
tained. In  Hamburg  28  such  cases  of  ' '  cholera  in  health ' ' 
with  absolutely  normal  feces  were  demonstrated. 

(c)  In  dUeoMd  human  organism :  Found  only  in  cases 
of  cholera,  and  in  no  other  disease.  The  principal  location 
is  in  the  intestinal  contents,  especially  in  the  mucous  floc- 
culi  of  the  rice-water  stool.  There  the  cholera  vibrio  is  often 
in  pure  culture;  usually  at  the  height  of  the  attack  they 
are  present  in  large  numbers,  and  generally  decrease  after 
four  to  fourteen  days.  In  fresh  cholera  coses  the  organism 
is  not  usually  found  in  the  organs,  except  in  the  intestinal 
glands,  where  sometimes  the  epithelial  layer  is  brolten 
through.  In  exceptional  ca.'^is,  however,  both  in  man  and 
experimental  animals,  the  vibrios  are  also  found  in  the 
internal  organs,  as  lungs,  liver,  kidney,  spleen,  and  moefc 
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rarely   in  the   heart's  blood.      The   more   virulent    the 
organisms,  the  more  they  spread  into  the  organs. 

((f)  In  aniinats .'  Sponlaucous  cholera  in  animals  caused 
i,      by  cholera  vibrios  is  unknown.     (Compare  Vibrio  Met- 

Iachnikovii,  p.  366.)     Our  domestic  animals,  etc.,  appear 
to  be  immune  to  cholera  infection,  as  it  occurs  in  natural 

I       ways.     (See  below. ) 

Experimental  Observations  Regarding  Pathogenic 
Effects.—!")  In  (i,u<nnh:  According  to  Saholotny  (C.  B. 
XV,  15(1),  lhi>  Speniiopliiliis  Ruttatus,  a  rodent  of  southern 
Russia,  dit'ti  after  being  fed  cholera  vibrios  with  symptoms 
and  section  findings  resembling  those  of  cholera.  Positive 
results  per  OS  were  also  obtained  by  Metschnikoff  in  young 
rabbits,  by  Wiener  in  sucking  kittens  and  young  (five 
days'  old)  rabbits,  and  by  Karlinski  in  young  dogs.  (See 
Wiener,  C.  B.  xix,  205,  .'595. )  In  adult  guinea-pigs  by  the 
natural  channels,  only  an  approximation  to  the  picture  of 
a  case  of  cholera  can  be  produced.  Usually,  following 
Koch's  method,  5  c.c.  of  a  5%  solution  of  soda  is  first 
introduced  into  the  stomach,  and  shortly  afterward  10  c-c. 
of  a  cholera  culture  in  bouillon;  at  the  same  time  1  cc. 
of  tincture  of  opium  to  each  200  gm.  of  body-weight  is 
injected  intraperitoneally  to  quiet  the  intestinal  peristalsis. 
Death  occurs  in  twenty-tour  to  forty-eight  hours,  preceded 
by  a  falling  of  temperature  and  extreme  prostration.  The 
intestine  is  reddened  and  contains  abundant  fluid,  rich  in 
cholera  vibrios.  Other  vibrios,  Vibrio  prote us,  etc.,  pro- 
duce similar  but  not  so  pronounced  enects.  It  is  easier 
to  kill  animals  (rabbili^,  guinea-pigs)  by  the  introduction 
of  the  organisms  into  the  blood-vessels  or  serous  cavities. 
Death  in  peritoneal  infection  occurs  in  twelve  to  sixteen 
hours,  usually  after  a  primary  multiplication,  from  the 
action  of  absorbed  toxins  originating  from  the  dead 
vibrios  (R.  Pfeiiler).  In  the  peritoneum  (and  eventually 
in  the  blood  and  organs)  of  the  dead  animal,  living  vibri- 
oncs  are  usually  found  only  when  the  infection  has  been 
produced  with  very  large  quantities.  Many  other  bacteria 
operate  exactly  the  same.  (See  p.  360  regarding  the  poi- 
sons of  cholera. )     If  an  animal  withstands  a  single  intra- 

|K  peritoneal  infection  with  a  email  dose  of  living  vibrionea, 
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dal  power  is  heightened,  but  the  animal  is  not  really  more 
resistant  to  cholera  toxin  than  it  was  originally.  See  below 
conceming  R.  Pfeifler's  biologic  cholera  reaction.  See 
also  R.  Pfeiffer  (Z.  H.  xvi,  258),  M.  Gruber,  and  Wiener 
(A.  H.  XV,  241). 

One  principal  difficulty  in  the  animal  investigation  of 
cholera  is  the  variable,  easily  reduced  virulence  of  the 
cholera  vibrio.  Many  methods  ore  recommended  to  in- 
crease the  virulence;  for  example,  the  anaerobic  cultiva- 
tion in  hens'  eggs  (Hiippe),  which  is  contested  by  Wes- 
brook  (H.  R.,  189(),  241),  also  poBsage  through  pigeons 
(Gamaleia,  Sains,  etc.).  W.  Rindfieisch,  however,  insists 
that  no  example  of  the  cholera  vibrio  can  be  cultivated 
which  is  distiiit'tly  pathogenic  for  pigeons  when  injected 
subcutaneously  (Z.  H.  xxi,  247).  "Young"  cultures, 
upon  wliich  many  writers  place  great  value,  are  only 
apparently  more  virulent,  because  they  contain  many 
more  living  individuals  than  older  ones  (Gottechlich  and 
Weigang,  Z.  H.  xx,  376). 

AcDonting  to  Blncbstein,  the  vlmlence  of  uholem  vihrionea  is  en- 
tirely dependent  upon  tlie  natricnt  mnliniii.  It  is  aaid  Uiat  b  ehulen 
onlture  which  ia  no  longer  virulent  may  be  rendered  virulent  by  oulti- 
*atin^  it  as  follows ; 

1.  Two  days  in  n  2%  peptone  solation,  which  contains  besides  only 
0.6JG  disodium  phospiiate  and  is  clcitccd  np  with  u  little  ammoDitim 
citrate  solution. 

2.  Nine  days  in  a  2%  peptone  solution  containing  nlao  3%  pot4W- 
rinm  nitrate. 

3.  One  day  upon  tbe  solution  given  in  I,  with  the  addition  to  each 
100  0.0.  of  1   o.c,   of  a  cold   satnnited  solution   of  aninioninro-fcTTo-    i 
snlphuric  acid. 

(6)  In  inan:  In  a  considerable  number  of  cases,  follow- 
ing the  example  of  v.   Pettenkofer  and  Emmerich,  previ- 
ously healthy  men,  after  swallowing  small  quantities  of  ] 
pure  cultures  of  the  cholera  vibrio,  have  developed  the  ] 
symptoms  of  cholera  of  slight  or  medium  severity.     The  I 
persons  on  whom  the  experiments  were  conducted  usually  j 
had  previously  taken  some  soda  solution  to  counteract  the  j 
acidity  of  the  stomach.     Several  severe  and  one  fatal  case  | 
of  "laboratory  cholera"  have  been  known  to  occur  in  I 
men  who  were  working  with  cholera  vibrios.  (See  Reincke, 
C.  B.  xvu,  202.)    According  to  R.  Pfeiffer,  cholera  in  I 
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man  arises,  after  destmction  of  the  epithelial  lining  of  the 
intestinal  canal,  by  the  enormously  multiplied  vibrios  and 
the  accompanying  intoxication  and  absorption  o!  puitkttis 
from  the  dead  vibrios.  We  cannot  here  ent«r  into  a  dia-  , 
cussion  of  the  teachings  of  Buchner,  Nencki,  and  Metsch* 
nikoff,  that  the  iniinunity  iigainst  cholera  in  man^ 
localities  is  always  or  often  dependent  upon  the  abaence  o 
a  synergetic  or  upon  the  presence  of  an  antagonistic 
micro-oi^nism  in  the  intestine  of  the  host. 

Immunity  and  Immunization.  —  Recovery 
cholera  or  an  artificial  cholera  infection  is  followed  hyft 
certain  immunity.  In  ttie  peritoneal  cavity  of  such  anJ 
immunized  animal  cholera  vibrios. be(x>nie  granular  anc|  f 
die  (p.  374).  The  serum  of  the  animal  contains  a^lo-  I 
tinin  (p.  374).  With  the  cholera  immune  serum  no  con-l 
siderable  pa.ssive  immunity  in  other  creatures  can  ha  J 
obtained,  the  conditions  being  very  similar  to  those  in  I 
pest 

On  the  contrary,  Huffkine  has  obtained  very  good  results 
in  India  in  the  production  of  active  immunity  by  means 
of  devitalized  cultures.     KoUe  (Deui  med.  Wochenschr., 
1897)  has  repeated  the  experiments  in  tlie  institute  for 
infectious  diseases,  and  found  them  confirmed  in  so  hfa 
that  the  serum  of  the  experimental  persons  contained  baivl 
t^ricidal  substances  after  about  five  days,  which  were  most 
abundant  on  the  twentieth  day,  but  could  also  be  demon- 
strated after  a  year.     Various  materials  were  injected;  for 
example,  one-tenth  of  an  agar  culture  suspended  in  bouillon 
and  heated  for  one  hour  to  56°.  Vinilent  cultures  operate 
similarly  to  non-virulent  ones.     For  two  or  three  days  J 
there  is  quite  a  painful  infiltration  at  the  point  of  injeo*! 
tion.     For  the  entire  literature  regarding  cliolera  inm]il>A 
nity  see  Vogrs  (C,  B.  xix,  406).  ■ 

Varieties  and  Variations  of  the  Vibrio  cholem.  M 

fllnoe  first  1).  Cunningham  (C.  B.  ix,  7ii3,  also  xxiii,  854)  demonjA 
■bated  a  conBideralile  viiriation  in  cholera  vibrios  which  he  oultivBlMH 
txtaa  t^iml  casuof  ohoIi-Ta,  nion^  writers  have  deaoribadtDnnswUA'l 
in  paiTt  deviate  very  much.  We  ooii  here  only  Vien tion  >  tew  of  tboNrl 
^  ncperirnoes,  and  only  those  where  It  Hppears  eertikin  tliat  vibriwfrOKfl 
"nia  cMefl  Ol  cholera  were  in  i|n(^tlcin.  ^ 

A  KiieB  ol  [onnt  have  been  aocoratoly  dMcribcd  and  pbotograpbad  I 


I 
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More  iuteresting  than  the  reports  regarding  varieties  are 
the  observationB  regarding  variability: 

For  example,  the  experimenlH  mode  bj  Clansaen  in  v.  EsDiArrh's 
institote  are  very  instroctive.  Vibritw  freshly  isolated  from  chulen 
stoolH  preseiibd  upon  plates  a  tendeDcy  (or  the  colony  lo  dunotegrata 
and  exliibit  a  border  as  if  eaten  away.  The  nitroeo-indol  reaction  was 
absent.  A  ^iuca-pig  did  not  die  after  the  injection  of  I  ao.  of  a 
bonilloD  culture.  The  atah  caltiires  grew  slowly  and  were  rot  char- 
acterJBtic.  After  repeated  transfers  in  bouillon,  a  guinea-pig  died  after 
the  injection  of  I  c.c.  of  the  bouillon,  uid  in  tjie  periloneAl  exudate, 
and  even  in  the  blood,  cholera  vihrioa  were  found  which  posseased  all 
the  Dharacteristio  peculiarities,  including  the  nitroso-indol  reaction 
(C.  B.  XVI,  325). 

Vibrio  romanus  of  Celli  and  Santori,  isolated  from  numerona 
typical  cnsea  of  cholera  in  Rome  in  lt>i)3,  was  cultivate  from  the 
stool,  WHS  not  pathoi^nic  for  animals,  gave  no  indol  reaction,  did  not 
coagulate  milk,  a:id  at  37°  grew  neither  in  bonillon  nor  on  agar. 
After  being  eulvtlated  fur  eight  month§  it  gave  the  indol  reaction  and 
grew  at  37°,  hnt  was  still  almost  perfectly  non-pat hogcnio  (C.  B.  xv, 
780}. 

Bordoni-USreduzxi  and  Abba  anltivated  from  a  typical  case  ot 
diolera  a  very  rapidly  liquefying,  abort  vibrio,  which  grew  atypicatly 
upon  gelatin  and  formed  a  yellow  growth  npon  potAto.  After  being 
cnltivatol  for  nine  months  upon  gelatin  it  was  constantly  like  the 
cholera  vilirio,  both  mncroHCopicoll^  and  microscopical Ij  (C.  B.  XVI, 

aoi). 

The  Varieties  Most  Closely  Related  to  the  Cholera 
Vibrio. 
When  the  cholera  vibrio  waa  discoverpil,  its  peculiarities 
seemed  bo  characteristic  that  Its  differentiation  from  other 
bacteria  was  thought  to  be  easy.  Since  then  there  have 
been  found  in  the  environs  of  man  first  a  few,  then  more, 
and  finally  such  an  immeasurable  series  of  vibrios  that 
for  a  long  time  they  have  no  longer  been  designated  by 
Bepaiate  names.  The  richest  results  have  been  yielded  by 
the  methodic  examination  of  certain  rivers.  Thus,  Dun- 
bar (Z.  H.  XXI,  295)  has  published  an  entire  series  of 
Elbe  water  vibrios  isolated  from  the  water  of  Hamburg. 
Abbot  and  Bergey  have  colletrted  110  cultures  of  vibrios 
from  the  American  Schuylkill  River,  on  whose  hanks  no 
cbolera  has  prevailed  for  a  very  long  time.     Part  of  these 
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are  very  similar  to  the  cliolera  vibrio,  and  corresn 
most  closely  to  the  Vibrio  Metechnikovii  (Journal 
Experimental  Medicine,  ii,  635), 

A  detailed  repetition  of  these  descriptions  would  1 
senaelesa ' ;  the  description  of  the  individual  forma  which'] 
are  known  by  names  is  not  even  of  much  value,  hut  in  b  I 
measure  serves  to  demonstrate  the  difficulty  of  differ 
entiating  "varieties."  We  give  again  a  short  descripticQ 
of  the  varieties  which  were  carefully  studied  for  the  fira 
edition,  and,  in  connection  with  the  same,  refer  contino-] 
ally  to  our  illustrations. 


Vibrio  Metschnlkovii.     Qamaleia. 


It  is  the  cause  of  a  disease  of  fowls  occurring  in  southern  | 
Russia  with  symptoms  reseni  bling  those  of  chicken  cholera,  J 
Since  its  original  discovery  it  lias  been  also  found  bjr  1 
R.  Pfeifter  in  the  north  haibor  of  Berlin,  and  once  bjr  I 
Kutscher  in  the  Latin.  (See  also  above. )  In  the  afTect«4  I 
animals  the  vibrios  are  found  in  the  intestine,  and  alraostl 
always  also  in  the  blood  (Vibrio  septiaemia). 

This  exceedingly  interesting  micro-organism  can  not  bftj 
distinguished  from  the  Vibrio  cholerje  by  any  moq)hologiit 
peculiarities,  therefore  we  have  not  made  any  illustration^il 
of  it,    The  vibrios  are  often  a  little  more  sharply  bent  aiH" 
shorter  than  those  of  cholera  (51,  v).    The  liquefaction  o 
gelatin  varies  exactly  as  in  the  case  of  the  Vibrio  cholerOb] 

It  yields  the  nitroso-iudol  reaction  without  the  additicH 
of  nitrite,  an^l,  according  to  Kuprianow,  forms  levorota 
tory  lactic  acid  from  sugar  (like  the  V.  cholene). 

The  Vibrio  Metschnikovii  is  remarkable  for  being  highly 
pathogenic  for  pigeons  and  young  chickens.  If  a  trace  a 
the  culture  is  inoculated  by  a  prick  in  the  breast  musclei 
it  causes  death  with  local  and  general  symptoms  like  thofl 
in  chicken  cholera  (p.  210),  only  the  intestinal  lindingt!! 
are  mure  like  those  of  cholera  than  in  the  latter,  and  C 
spleen  ia  rather  shrunken  than  enlarged.     Tlie  orj^anin 


are  present  in  quantity  in  the  blood  and  in  the  edema  at 
the  necrotic  point  of  inoculation. 

According  to  the  Btat^ments  of  Gamaleia,  cholera  vibrios 
behave  similarly  toward  pigeons,  but  Pfeiffer  could  verify 
this  only  by  using  very  Uirge  quantities  o!  cultures. 
Weibel  (A.  H.  xxi,  22),  Salus  (A.  H.  xix,  342),  WlajefE 
(C.  B.  xvn,  619),  and  others,  on  the  contrary,  obtain 
inoculation  reeults  ein^ilar  to  those  of  Gamaleia  with 
cultures  which  are  originally  virulent  or  rendered  bo 
artificially.  The  poesibiiity  of  immunizing  pigeons  with 
the  Vibrio  Met.  against  the  Vibrio  cholerte  is  advocated 
from  many  sources,  and  denied  by  R.  Pfeiffer,  who  also 
finds  a  reason  for  considering  the  Vibrio  Met.  a  separate 
organism  in  its  refusal  to  givu  Pfeiffcr's  serum  reaction. 
(See  p.  373. ) 


» 


Vibrio  Proteus.    (Finkler  and  Prior.)    Buchner,  A.  H. 
iii,  1S85,  36i. 

(Phi(e52.) 

Vibrio  "  Finkler  nnd  Prior  "  of  authors  ;  "  Finkler." 

Literalurf. — Finkler  oiid  X'nnT,  Eiwuizniigshefte  z.  Ccntralblatt  f. 
ftllg.  Ge8.-PfleKe.,  Bd.  I,  279;  Koch  (Z.  H.  XIV,  329). 

MieroKopic  Appnirance. — More  or  leas  bent  rods;  on  an  avero^, 
QA/i  lon^  and  0.4-0.6/'  thick,  nsiiall;  a  little  thicker  than  the  Vibrio 
oholene  (51,  VI ). 

Odntin  Plalff. — With  the  unftided  eye  it  only  iliflern  from  tlio  Vibrio 
cboleree  in  more  rapid  liqnefa<?tinn  ai)d  in  the  rormation  of  InrKer 
diaka  [53,  lll).  Magnilied  sixty  times,  the  nilonies  are  jellow,  wilb 
Bluest  smooth  borders,  only  9lif;htly  itiid  finely  )rraiiulur  {colonies  at 
the  Vibrio  eholerffi  are  oooreely  gniniilar  with  finely  pintinnt«  or 
ornmbly  borders).  The  snrface  colonies  nsnatJy  sink  in  rapidly  and 
present  n  darker  peripheral  zone,  wmietimvs  with  a  row  i>(  hairs  (52, 
IV). 

Gelatin  Stah  Cultun. — TnbE-sliaped  liquefaction  alonj;  the  stub, 
withoDt  formation  of  any  air  spaoe,  and  with  marked  turbidity  of  the 
oontentB  (52,  i,  II). 

Agar  Plalr. — A  little  more  hixiiriont  jtrowth  than  in  the  Vibrio 
oholem  (52,  is.).  When  ma^ilied  sixty  times,  the  colnniea  look  like 
those  of  Bact.  coli  (52,  vil  and  viii).     (.See  also  IS,  VII;  12.  IV.) 

Oietnipal  Aclirilia. — Hilk  m  cnoKnlated,  and  lat^r  n^iii  lii|itelinl; 
faint  acid  formation;  no  gns  formed  from  jrape-Bucnr;  Indol  reaction 
faint  and  fretgnently  aheent;  veiy  little  HpS  developed. 

Duitribiilion. — (a)  OaMilt  the  bvdg :  Claimed  to  have  been onoe found 
in  Burtace  water  (Hfrieonrt). 

(6)  In  body:  In  the  intestinal  conteuls  or  dejecta  of  aome  healtlvi 
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^S-FCSaL  ^^H 

,  m  the  mcwOiM^H 
rat  irhicii  had  bCM^^^I 

Lnwk  rrf    111*  ^^.n^n^     ^^^^ 


peraoDB,  of  mtmv  giimm  nf  diarrhea,  and 

ohnlrra.     Kinon  iln  diacuvcr^  hy  FixikJer,  in  1884,  n 

of  pcniniut  mill  to  he  auffermg  rrom  cholera  iKHtas  irhicii  h 

ki'iit  A  loug  llnie,  IIiIb  uijipnism  lian  beea  toond  but  Tcrj  nrctjr. 

Paihugmir  Slgttificanrr  in  Man. — It  ta  not  the  csnse  of  llw  ao-ealM  ' 
cihiilcni  timtnM:  ttl  any  rute,  in  the  great  majorit;  of  tlie  ouca.  sinee 
llnUlx-iivcrv,  ntthough  much  maghttor,  it  liw ecanvlj' onoe  hcmfOaad 
111  rhiilim  iKMtnw. 

In  iMiM'rIriit-nbil  niumals  it  produces  in  grnenil  tl>e  nme,  oocniiwlljr 
■Htiuwliut  iiilUIlt,  iliw!iiM!  Bymptoms  ns  the  cholera  vibrio. 

II.  F'lwhnr  roiiiiil,  in  n  taw  of  auspecttd  cholM«,  thp  Vibrio  bclco- 
gcnei  Klwi|i<-r,  wliieh  was  patlii:^nic  for  animaU  and  rFsrinblre  the 
Vihrio  I'rol-'imfC.  11.  xiv,  7:1). 

Aii'iinlliuMii ''li^iiiKriii-.'we,   thu  Vibrio  lisaabonensis   ix   identical 

I  !■,  II  liiticl  lo  the  Vihrio  Proietis.     It  naedixwered 

I  <  II   i»  niirt    IC.  B.  XVI,  401,  photographs]  in   tbe 

I  I'l 'ti-  uiwM  of  tm  epidemic,  nidelv  diatribuled, 

II  ih^in.si'  111  liintMin,  ntKl  Vies  uliii>  found  in  the  citj 
wal^T  tu|  II 11 1 1  IP  In,  ll.  in  n  nlifchtly  bent  vibrio  witb  polar  flagelia,  iriving 
itu  iiilniHci-hiilnl  reaction,  and  witliont  pellicle  fonuation  upon  boail- 
lim.  ll  pniluo'H  liqurfuotion  of  ^latin  in  the  upper  pert  of  the  stab 
oultiiro  111  Mil'  fciriii  nf  n  hroodj  flat  funnel.  In  tbpK^latiti  plal«9  there 
npii'iii  ii|H.n  tti<  -infill' >'ii!<iiiio8,  which  at  Onttare  round,  smooth,  and 
oul,v  ritli-lifii   '  1. 1 II 1 1 1. II  -  Niii  r  they  hove  a^Tsy  centvr  surroanded  bj-  a 

wnii-iii   |..iii  M     ;i,i(iuliir  miiie,  whiuh  Is  limited  extcniollf  by  a 

tJili-L  I  Ml  l<   ■■[   iiM-  i.kIi.iI  nit;  thnfids  of  considerable  lengtb.     Because 
of  |ir'i(;ii  -  <iii):  liiii|r  r.ii.Mi'ii  llie  charaeteristic  appearance  is  loet  by  tiw  _ 
tliinl  liny,      rimii   onliimry  potato   it   prows  very  poorly,  hut  nw 
kIIuiIIiiImiI  potato  viuy  well  as  a  uhining  cray  growth.     The  o 
la  allKhtly  patliogenlo  for  uiiinalH.     It  does 
uholnm. 


l»y   I 
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Vibrio  tyroxenes.     (  Deneke.)     Lehm.  and  Neum. 
SynonyniB.  —  Dcticko's    clieese   spiriiUim;   Hpirillm 
tyroH'iiiiii'i  Dfiiicke  {Deut.  med.  Wochen.,  1885,  33). 

IwilaUvl  by  Deneke  from  an  old  oheeoc,  but  since  then  it  hait  be«n 
vwy  mrcly  found.  As  n'KnrdB  intcnnity  of  liqnetaetion,  it  standa 
niiawny  liptwwn  the  Vibrio  eholene  ami  Vibrio  Proleog,  and  also  in 
otlinr  rcRprotfl  Itn  pMmliorities  are  usnally  sn  inlemipdiatc  between 
t]l«M  two  Torietic"  that  wo  have  not  illostratod  Ihcni.  The  pecnliadr 
ilea  mentioned  by  Ottnther  ( Bnkteriologie,  iv,  Aufl.,  p.  361)— *,_ 
ttiiok  mold-IIko  aaam  npon  the  gelatin  Utah  culture  and  a  '  ' 
yellow  color  of  Uie  snme — wera  not  observed  In  our  cultures,    i 

Inn  Klvea  the  nltrMO-indoI  reaction  like  the  Vihrio  eholene.     

Ing  to  KnpriDUOW,  it  forms  dextrorotatory,  and   the   Vibrio  cbolol 
liivoTolAtory,  lactic  acid.     Our  old  laboraUir^  culture  grows  well  I 


vibrio  danubicus.     Heider.     (C.  B.  xiv,  341.) 

(Plow  33,  I,  III,  IV.) 

Nothing  pecaliar  microHMpically  (53,  IV).  Gelatin  is  potrerfnllj 
liqueHed.  SUili  tulture«  remind  one  ot  very  actively  liijuefying 
cholera  cultures.  Iii  our  culturm  the  ionn  of  li(|uefaotLun  was  always 
more  like  a  saucer  tlian  a  flattened  Fanael.  Upon  very  thick  plates  it 
is  very  similar  to  tbeohulem  vibrio;  upon  tliiunerplattu,  after  twenty- 
two  hoois  at  '23°,  the  surface  colonies  spread  ont  exceedingly  thin,  are 
irregnlAr,  and  have  a  border  which  ia  wavy  or  provided  with  ooaiBe 
outgrowths.  They  are  atmoirt  c<ili>rleaB  and  very  delicately  Mid  uni- 
formly marked  with  fine  striations.  Our  illoatration  corresponda 
with  this  in  general  (53,  ni).  Milk  ia  coagulated;  npon  potato  there 
occurs  in  the  incubator  a  brownish,  miserable  growth.  It  gives  the 
indol  reaction  well.  Pathogenic  for  giiiiiea-pigs,  less  for  pigeons.  Cnl- 
tivated  hy  Hetder  from  the  water  of  llie  Vienna  eanal  of  the  Danube 
at  a  time  when  no  cholera  was  known  t«  exist  in  Vienna;  later 
detaobe<l  coses  of  clioleca  occurred. 


Vibrio    oquatills.     Ounther.      (Deut.    med.    Woch., 

1893.  1134.) 

(Plate  53,  II,  VII,  vin,  ix.) 

UicTOBcopically  not  specially  different  from  (lie  cholera  vibrio  (53, 
Tm}.  The  colonies  in  gelatin  plates,  however,  are  easily  distin- 
guiotied  from  those  of  the  cholera  vibrio  by  the  smooth  or  slightly 
wavy  border  (never  withgranularirr^ulnrities)  and  very  tine  grannies 
(53,  ix).  In  Plate  ■>3,  Vii,  we  have  reproduced  a  qnnrter  of  a  very 
remarkable  deep  picture  in  a  thinly  sown  gelatin  plate.  The  siir- 
romidiD}!,  numerous,  secondary  colonies  are  t^i  bo  explained  hy  soften- 
ing of  the  gelatin  (loo  high  temperatnre).  Older  gelatin  plate  oul- 
tons  are  similar  to  the  cholera  vibrio;  the  liquefaction  is  slow.  There 
is  no  nitmecf-indul  reaction,  but  a  Btrong  odor  or  sulphuretted  hydro- 
gen. It  is  not  pathogenic.  Weibel  found  a  sitiiilar  vibrio  in  a  well 
which  had  been  infected  with  cholera  vibrios  a  long  time  before  (C  B. 
nil,  117). 


Vibrio  berolinensis.  Rubner.    (Neisser,  A.  H.  xix,  194.) 

(Plate  53,  V,  VI.) 

HioroHcopically  like  the  Vibrio  eholene  (63,  vi).  We  also  found 
the  gelatin  plate  cultares  very  similar  to  those  of  cholera.  There  is 
A  tendency  t«  the  formation  of  coarser  lobulations,  and  a  finer  granola- 

_     tion  of  the  colony  is  striking.     Liqni^faction  of  gelatin   is  minimal. 

^L    Strong  nitntso-indol  reaction.      Conxiderably  pathogenic  for  guines- 

L 
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Vibrio  albensis.     Lehm.  and  Neum. 

(Plate  54.) 


I 

I 


—Phosphorescent  Elbe  vibrio  of  Kutscber, 


Synonyms. 
Dunbar. 

A  detailed  description  it)  noiiecessaiy  io  the  taw  ot  the  toot  thai  tlie 
best  judgea  of  the  photogenic  vihrios  do  not  premune  to  differentiate 
them  niorphologic^lj  train  those  of  cholera.  Onr  cultures  ahon  veiy 
constantly— OB  Uiej  are  nsoaHy  described — InJcnrwint  growth,  vigorans 
liiiucfaotion  iu  tlie  ntab  caiial,  pellicle  formation  on  honitlou,  and  vig- 
orous indol  reaction.  The  ^latin  pliit«  colonies  we  were  unable  to 
oertainlf  distingaish  fniin  cliulera  (54,  VI).  We  often  observed  in 
old  saperflcial  gislatin  plat«  colonies  a  prettj  circle  ot  hairs,  na  is  pre- 
sented by  niany  vigoronsly  liquefying  varieties,  but  which  we  have 
never  met  with  in  the  cholera  vibrio.  In  tlie  six  cultures  ot  photo- 
geuic  Elbe  vibrios  obtained,  the  pboBphorescenei!  was  vi^foroua,  but 
ofl«n,  through  insufficiently  frequent  transfer  to  fresh  nntrlent  media, 
it  Tras  completely  lost,  and  in  some  experiments  it  oould  not  t*e  n- 
gained  by  employing  herring  notrient  medium.  Murpmanu  refers  the 
pboBphoresoence  to  the  formation  ot  phoephorett«l  hydrogen, 

Judgmg  from  the  descriptions,  a  number  of  photogenic 
inhabitants  of  the  sea,  described  as  bacilli  or  photobac- 
teria,  appear  very  closely  related  to  the  Vibrio  albensis. 
We  may  place  them  here,  naturally  without  expressing 
ourselvea  aa  to  how  far  they  are  different  "species." 

Vibrio  indicus  (Beij.)  Lehm.  and  Ncnm.  Baciltus  pbosphores- 
oens  Fischer  (  non  llacterium  phosphorveoena  Fischer,  which  is  found 
on  page  '2:11).  Photobocterinin  indionm  Bfijerinck  (nun  Badllns 
indious  Koch,  which  ia  found  on  page  274).  West  Indian  photogenio 
bacillus.  Tlie  gelatin  plate  and  ntab  cnltnres  are  described  as  like 
cholera  throughotit;  the  liiiuetaotion  in  inlt'nae.  Hioraacapioally: 
fltuoU  rods,  t«o  or  three  times  as  long  as  thick,  very  oft«n  in  pairs, 
more  rarely  threads.  In  chlorid  of  sodium  milk,  screw  forms  occur. 
Active  serpentine  motion.  The  light  is  bluiah-wbite  and  intenae. 
Minimnm,  1,1°;  optimum,  W°-3.V';  i 
Acoording  to  Beijerinck,  it  is  also  able  U 
ine  nutrient  mnlia,  but  also  does  a 

Kati  consident  the  Bac.  cyaneophoaphoTCBcens  Katz,  obtained 
from  Atutmliuii  seas,  to  be  eloBcly  related  {C.  B.  IX,  156  ' ).  Ac- 
cording to  Katz,  however,  this  organism  ooeura  ao  straight  motile  rods 
and  curved  non-motile  tlin<ttds. 

'  In  the  same  ptoM  KatE  has  also  dewribed  oomplet<?ly  tour  other 
"  varieties  *':  Bacillus  argenteophosphorescens  1,  II,  III,  and  arg.- 
phospborescens  iiquefaciens.    They  appear  in  port  to  be  also  vilni- 


L   not  much   higher, 
t  light  upon  non-saochar- 
with  the  wldition  of  a  litUe 
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I  DEMONSTRATION  OF  CHOLERA   VIBRIO.  3Yl 

Vibrio  luminosus  (B«ij.)  L.  and  N.  (PtaohibactifHnm  laminoentn 
Beijer.),  obtained  trom  the  Nortli  Sea.  It  is  veiy  closely  related  to 
the  Vibrio  indiciia,  according  to  Beijerinok.  It  liqueGes  vi^rously 
and  presents  vibrios  oiid  spirilla.  According  to  Beijerinck,  it  also  is 
photogeDiQ  without  the  addition  of  sngar.  Slight  addition  of  ra^ 
favors  photogcnesis;  a  little  more  (1%  or  more  (»  dextrose)  inhibits  it. 

Vibrio  ballicuB  (Beij.J  L.  and  N.  (Phot,  bnltidun  Beijer.,  C.  B. 
TiTi,  616).  "Native  phosphorescent  baoillns"  Fischer  (C.  B.  in, 
105),  from  the  Baltic  Sea.  Described  by  Fiacher  as  very  simitar  to  the 
Vibrio  indicns.  Light,  blniah-ivhite.  In  the  description  of  ttie 
microsoopic  character  and  the  appearance  of  the  cultare<«,  Fischer  him- 
self often  oomparea  it  to  the  Vibrio  oholerw.  Miuimnm,  below  6°. 
It  prodnccfl  light,  according  to  Beijerinck,  only  npon  nntrient  media 
which  contain  sugar.     It  bean  very  well  a  lai^  proportion  of  Bngar 

i3%-&Jl>  of  caue-Hugar).  The  fresiily  isolat«l  tnltures  liquefied  very 
ittle.  Beijt'Hnck  finally  obtained  VFiy  vigoronaly  liquefying  cultures 
by  limger  cultivation  on  gelatin.     It  does  not  ferment  sugar. 

Vibrio  Fiacheri  (Beij. )  L.  and  N.  (Pholob.  Fischeri,  Beigerinok; 
C.  B.  Till,  GIG).  Aocording  to  Fiacher,  it  stands  veiy  close  to  the 
Vibrio  halUons.  When  freshly  isolnted,  it  liquefied  very  vigoronsly,  . 
and  gnidnally  ainiost  ooniplet*^ly  lost  this  property.  Trace*  of  cane- 
in{^  favor  the  photogentsia  ;  0.5^  or  more  leaaens  it.  It  does  not 
fenuent  sugar. 

Vibrio  terrigetius.     QiJnther  (C.  B.  xvi,  746J. 

Does  not  liquefy  gelatin  at  all,  forms  n  delicate  pellicle  upon  gela- 
tin. It  is  intereKting,  from  the  staudpuint  of  olaBsiAcation,  that  it 
pneeceee  either  a  single  fiagelluni  or  a  hunch  of  flngella  at  each  end. 
Gelatin  colonies  are  smooth-edged  snd  structurptess;  the  superficial 
onea  form  little  heaps.  Older  deep  colonics  are  brownish  and  studded. 
It  prodnws  a  good  yellowish-white  growth  upon  potato.  Sugar  is  not 
tennented,  milk  not  coagulated.  It  is  not  pathogenic  for  animals, 
and  is  an  obligate  aeruhe.  Obtained  from  Berlin  wil.  The  Vibrio 
Hpcophiles  o,  fl,  y  Weibel  appear  to  be  Bimihvr  (C,  li.  iv,  225,  257, 
289). 

Special  Methods  for  the  Demonstration  of  the  Cholera 
Vibrio. 


A.  In  the  evacuations  of  cases  of  cholera  or  BUEpecttd  cholera.' 

1.  Microscopic  preparation  (usually  frirai  a  flake  of  mucns  1):  The 
pretwuce  of  nbuiidntit  vibrios  (especially  if  arranged  porallelly  like 

The  demonstration  is  conducted  in  the  same  manner  in  the  cose  o( 
milk  and  other  tiKxls,  soiled  linen,  old  drietl  laboratoi^'  cultures,  etc 
Bere  often  the  direct  microscopic  observation  cnn  be  omitted. 


I 


^L     milk  and 
^H     Bere  often 
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a  Hohool  of  Hah,  aocording  to  Kocti)  speaks  strongly  in  hror  of 
cholera,  tor  vibrioa  reeembling  thane  ot  oholcrn,  it  present  in  the 
stools  at  all,  are  usoallj  only  scanty.  It  tlie  stool  is  ot  neBrl7  nor- 
mal  oonsistency.  Itu'  direct  luicroscopic  examinatiou  may  lie  omitted. 
One  should  avoid  mistaking  the  thin  spirilla  (Sp.  hachaiae)  for  vibrioa. 

S.  Testing  of  a  fresh,  minimal  specimen  of  the  stool  nhioh 
tains  living  vibrios  in  gnat  iianil)er  with  serum,  as  on  pn^  ST3. 

3.  Infection  of  an  alknline  peptone  chlorid  ol  Bodinni  solntioii 
(about  50  0.0. )  with  a  ilake  of  mucus  or  with  1  to  S  cc.  of  the  Moot 
This  is  to  be  kept  at  incubator  t«mperatnre.     (Preliminary  cboleim 
culture.) 

(n)  Obsen'ation  of  the  pellicle  formation.    After  three  hoare  indi 
tion  of  pellicle  formntion  nuy  be  present.     After  alMint  sixteen  to 
twenty-four  boon  the  pelliole  does  not  beMiuie  more  distinct. 
micro-arKanisms  fonn  pellicles ! ) 

(h)  Microscopio  deuinnstration  ot   vibrios  iu  pellicles.     Here 
Dcetirrence  of   vibrios  demonstrBtcs  ninch   leas  the  preeenoe  of 
cholera  vibrine  than  duM  a  \ox^  number  in  the  st^iul.     Also 
resembling  cholera  may  develop  Into  ivtl idea. 

(c)  Agar  plates  from  the  pelliole  (37°)  after  eighteen  bonns  mi 
not  be  phosphoreaoent. 

(<f)  Gelatin  plates  from  tbe  pelliole  (32°).  Allersiileen  to  twenty* 
four  hours,  when  mnKnified  sixty  times,  the  oliaracUristio  shining  and 
coarsely  granular  colonies  are  fonnd.     The  form  of  the  growth  in 

fslatin  is  one  of  tbe  principal  charaeteristios.  The  sospioious  ooloniea 
if  not  numernns,  all  are  oonsidered )  ore  innoulated  aa  soon  ai  practio- 
able  into  gelatin  (flattened  Innnel^haped  liquefaction)  and  tnbes  <f 
peptone  ohioriil  of  sodium  solution  (indol  reaotion), 

((')  Indol  reaction  (without  nitrit«  l>cing  added)  with  part  of  the 
tul)es  afUT  three  hours.  Tlio  bidol  reaction  it  usually  certainly  present 
iti  oholera  after  eighletu  hours.  By  rapid  tmnflformntion  of  Um 
nitrite  into  amniouio,  various  water  Imoteria  can  fnistrsle  tbe  direok' 
cboleta  reaction.  Sev  p^(n^  35i)  regarding  tho  bhili 
reaction  in  pure  cttltun«  of  eertain  cholera. 

(/)  Potato  cultures  from  tlie  pellicle-  Chlorid  of  sodium  polaM 
(p.  337)  at  37°.     Yellowisli-brown  to  brownish-red  color  is  in  favor 

4.  Gelatin  plates  prepared  directly  from  the  stixil  (3  dilutioDs). 
Abundant  colonies  of  vibrios  with  a  form  like  tbose  of  oholom  speaJc 
vety  strongly  lor  cholera  even  if  the  liquefaction  appears  too  vigOT' 

5.  Agar  plates  smeared  over  ver 
stool  aoA  kept  at  37°.  Pliotogenii 
cholera. 

6.  All  vibrios  isolated  in  thesie 


it  lie  examined  with 


Uw 1 

'4 
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'  For  the  preliminary  cholera  enltnre.  in  onler  to  produce  enervetio 
alkalini/Ation,  there  is  always  added  to  UK)  o.c.  ot  nutrient  medium, 
neutralixeil  with  phenol pb thai ein,  2c.c.  of  normal  MMliuiii  hydrond.  j 
or  1ft  cryBtalline  or  0,3^  anhydrous  sodu,  in  which  way  many  « 
bacteria  are  eliminated. 
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Gmber-Dorham  tent,  which  is  to  be  looked  upon  as  thi 
reaction  whioh  we  poffieaa  np  hi  this  timp  (see  below). 

With  a  neKativB  result  in  these  examinations  cholera  may  still  he 
present,  for  iu  very  rare  cones  the  occnaionsl  absence  of  vibrion  from 
the  stools  of  un(Ionht«l  coses  of  cholera  hits  been  proved.  Thns,  for 
example,  Kanipet  fiiiled  to  dcmonHtiiite  the  vibrios  in  the  first  SO  o.c. 
of  ric»-water  stool  from  »  tresli  typical  cose  of  cholers. 

B.  In  auapected  water. 

The  water  in  ijaestion  is  placed  in  half-filled  flasks  in  quantities  of 
600  O.C.  to  1  liter,  tORether  with  so  much  oF  a  Mtron^  pepluno  dilurid 
of  Bodinm  solulioo  {WJi,  peptone,  lOJfc  NaCI)  that  the  wnter  oontitins 
X%  of  peptone;  and  to  tliis  is  added  also  alkali  in  excess  {36  o.o. 
normal  sodium  bydroiid,  \%  oiTStalltne  or  0,')^  anhjdrons  soda). 
The  further  examination  is  carried  out  exactly  tia  in  A,  2HI.  Grent 
■keptJciam  ia  demauded  in  water  examinationa. 

k»  especially  Hhown  by  the  detailed  work  of  Dunbar,  we  may 
from  the  finit  exolndo  a  great  nniiiber  of  vihrioa  resemblinf;  cholera  in 
the  diagnosis  uF  cholers  by  nmana  of  i^latia  plates,  potuto  cnltnres, 
photoKenesis,  etc ;  but  there  were  n  oousidmuble  numl>er  of  oultares, 
in  which  all  morphologic  and  biologic  means  oF  separation  were  lack- 
ing, which  were  pointed  out  by  the  aemm  reaction,  exactly  analo- 
goiuly  to  the  ty)jioid-coli  dingiiosis- 

TUs  was  carriwi  out  accoi3ing  to  Pfeifler'a  method  (Z.  H.  Six, 
76;  XX,  I9S),  since  at  the  time  of  the  last  active  interest  in  chuleni 
the  Grnber-Durluim  reaction  was  stilt  nndiscorered.  Here,  nnfor- 
tonately,  all  the  cultures  were  exclode^l  which  proved  to  be  non-patho- 
gento  for  experimental  KuineO'pit^  and  which  could  not  bo  rendered 
violrent  by  meiuis  of  the  introduction  of  definite,  large  duees  into 
(mimalB.     (Comfure  p.  i)5. ) 

I1»  cholera  verava  which  is  used  for  tht»e  int  estigatious  is  obtained 
M  follows :  A  rabbit  weighing  1,5  to  2  kilos  is  injected  snbcutaneooBly 
widi  the  culture  substance  from  thre«  slanted  agar  cultures  ( twenty- 
four  honia,  3T°),  together  with  ab»ut  5  to  6  c.c.  of  lionillon.  The 
Animal  beoomes  somewhat  feverish,  and  on  the  sixUi  day  is  bled,  and 
vieldB,  following  the  directi<ma  on  jiage  105,  an  active  serum,  which 
keepa  for  mouths  in  a  dark  ice-box  if  0,5^.  phenol  is  added.' 

PfeiSer  indicates  the  working  streugth  of  serum  as  follows :   He 

ngrutes  as  a  titer  of  serum  tlie  sniallest  <|U»iitity  of  aemm  which 
certainly  aulSces  to  cause  solution  of  2  mg.  of  living  normal  onltnre 
inride  u  an  hour,  if  it  is  mixed  with  1  o.c.  of  bouillon  and  injected 
into  the  abdominal  cavity  of  a  youiiK  )niineft-pig  weighing  SOO  gm. 
The  most  active  gninea-pig  scrum  hod  0.5  mg.  ia  the  titer.  (Serum 
from  four  convalncent  cholera  cases  in  man  had  3.S  to  20  mg.  to  the 
titer.) 

Of  this  semm.  now,  about  10  to  30  mg.  (ten  timed  tJie  minimnm 
(ffltdenl  dcee),  toffether  with  1  c.c.  nf  bouillon  and  a  loopful  of  vim- 
lent  cholera  vibrios,  are  introdiieeil   into  the  peritoneal  cavity  of  a 
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■  §t»ilj  loniiie  a  Uont 

Atier  twcnlj' mtn- 

'~g  with  ■  e^Olu; 

MkM,  •nil.  dinoln.  Mid 
«•  (Bo^r*"  ^BVB^nanacao,  or  a  few  Hagr  still  be  alive. 

Aeeotdiiig  b>  the  extensive  pQblkatioos  of  Dunbar  (Z. 
B.  rxi,  39a),  FfaxSer  h>6  the  sM^^mdian  of  knowing  that, 
bj  tiie  exyiimente  at  himsdf.  Dtmhu,  Sotwrnh^iia,  aiid 
olhcn^  diokca  wmin  fa*s  been  pnmd  acilTe  against 
o^^rtT-nx  different  true  cbcAen  coltarce  Erom  all  parts  of 
tbe  worid.  With  thrf«  raltaivs  fexn  cases  in  man  which 
were  cmsidned  af  i-bol«ra  br  dinicians,  R.  PfeifiFer  ob- 
taiiwd  oe^tire  r«salt?.  and  Donbar,  in  &ute«^a«nl  exam- 
inattun,  obtaiiwd  prjsitive  mtes ;  be  assnmnl  that  Pfeiffer 
had  RoeiTvd  diflnvnt  coltuns.  Two  other  cases  could 
not  be  reexamined  by  I>uubar,  since  the  cnltares  in  Hsm- 
ba^  bad  died. 

Negative  ivsnlts  were  obtained  wiih  Pfraffer's  cliolers 
serum  in  nine  cultures  from  eitspected  cliolcm  stoola  (among 
Uivm  three  were  pbotogentf).  in  many  vibrios  {all  photo- 
genic) from  water  iiMjIatcd  during  the  prevalence  of  cholera, 
and  in  all  varicliis  found  in  the  Hamburg  water  since 
cholera  ceased.  Dunbar  concludes  ;  One  may  now  asaert 
that  all  varietit-s  which  do  not  renct  to  cholera  serum 
are  not  cholera  vibrioe,  and  it  is  hn[ied  Uiat  we  may  also 
some  day  declare  tliat  all  varieties  reacting  to  cholera 
BiTum  are  Ime  cholera  vibrios. 

Gruberand  Durliam  (Miinch,  med.  Wochenschr.,  1896, 
20G,  285)  have  taught  how  to  make  the  diagnosis  actually 
t  more  certain  in  cholera  by  means  of  obse^^■ing  the  aggluti- 
l  nating  power  of  the  serum.  8eruin  ia  prepared  as  at- 
I  rcnily  de8cril)e<l,  and  it  ia  determined  in  what  dilution 
I  with  bouillon  it  o^Iutinates  known  cholera  vibrios.  It 
I  is  URuiillv  fitill  active  when  diluted  from  100  to  200  limes. 
I  (Seep,  ia").) 

I  Then  it  is  determined  whether  the  organisms  which  have 
V  been  isolateil  and  an-  U>  In?  diagnneticAtinl  aa  cholem  vibrios 
Lare  agglutimitt'd  by  a  similar  concentration.  Oruber  and 
■Durham  fount)  the  reaction  rather  strongly  specific;  only 
Va  few  cultures  analogous  to  tlie  cliolera  vibrio  were  agglu- 


I 
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,  and  of  these,  it  is  at  least  questionalile  whether 
they  may  not  be  looked  upon  aa  cholera  vibrios,  as  in  the 
case  of  the  Vibrio  berolinenais. 

Also  here  the  negative  result  of  the  test  (absence  of 
effect  by  a  serum  in  dilution  of  100,  which  produced  a  poei- 
tive  eEEect  against  true  cholera  vibrios  when  diluted  120  to 
150  timee)  allows  an  exclusion  of  cholera  vibrios ;  a  posi- 
tive marked  result  makes  the  diagnosis  more  sure.  With  a 
positive  but  weak  reaction  the  diagnosis  of  cholera,  on  the 
contrary,  is  not  entirely  certain  ;  for  example,  with  a  tardy 
action  in  dilution  of  50  times,  while  true  cholera  vibrios  are 
promptly  agglutinated  by  dilutions  of  80  to  100.  It  would 
he  best  to  place  no  dependence  at  all  upon  reactions  which 
only  occur  in  concentration  above  oue  in  fifty  and  after 
halt  an  hour.     Compare  also  Mann  (A.  H.  xxxiv,  179). 

Occasionally  also  the  testing  of  the  agglutinating  action 
of  the  serum  upon  true  cholera  vibrios  in  a  case  of  cholera 
during  the  disease  or  convalescence  may  make  the  diag- 
nosis more  certain. 

Some  Other  Vibrios  Which  Are  Not  to  be  Confounded 
with  the  Vibrio  cholerie. 
Vibrio  spermatozoldes.     Lbffier  (C.  B.  vii,  637). 

Thia  remnrkulile  vnriety,  'xxaiaionally  toiind  in  tumip-cabhnjtB 
infusion  by  Liiffler,  and  photojjntphed  by  liim,  is  chamotviixed  by 
powerful  terminal  Uagclln  {56,  vi)  ;  the  latter  dimpjieur  or  are  very 
delicate  npon  tnmip-oahbage  gelatin,  but  retam  paitialty  upnn  rein- 
oonlstion  into  tumip-cablagc  iufiuinn,  Ttie  organism  preseiiU  Y- 
Shnped  fiiriiing!) !     (See  the  not«,  p.  STiS. ) 

Vibrio  nasalis.     Weibel  '  (C.  B.  ii,  466;  iv.  325). 

(Plate  .''.6.) 

According  to  Weibel,  a  veiy  interesting  variety.  Vi'e  liave  not 
studied  it. 

Hicroacopically ;   In   nasnl   mncna,  tbick   vilirinnes   (50,   11);   in 

K;bv< 

^K  weibel,  and  BavescenB  Weibel.  Kegnnling  tbese  varieties,  whicb  do 
^H^not  oome  serioiul.T  into  question  in  the  ilifTerential  diu^oels  of  the 
^H'l^brio  ohoIerfB,  the  miginAl  must  he  ooiihuIUmI. 


I 
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Aim  of  interest  are  the  follon-lng  dIoscIt  related  orgsniiuns,  which 
bave  been  deaorilied  by  Weibpl  ().  c. )  and  fjrow  npon  eelatin  witli  ft 

Enllow color  nnd  without  liqnefaction:  Vibrio  Bavua  weibel,  f 

tVeil   •        ■"  
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bouillon,  Rhort,  strsit;hli  rods  whioh  stain  like  tlie  chwken  cholon 
looteria;  npon  Offa,  beautiful  EcretVB  anii  bizarre  threadB  (5(S,  iii)  ; 
upon  gelatin,  almost  only  tht  latter  art'  produoed  (5G,  iv).  They  are 
always  without  motility.  With  further  cultivotioa  the  teiincity  of 
the  cultnrea  in  rapidly  reduced.  Upon  gelatin  plates,  when  mo^jfled 
ei|j:tity  limw,  there  oooar  niinnte,  yellowish-brown,  finely  granular 
ooionioa  with  sharp  lionli^rs.  Gelatin  Hlab  cultures  resemble  Slrept, 
pyogenes,  the  surface  n^wth  being  minimal.  There  is  no  lictuetao- 
tion.  Upon  agar  the  gruwth  is  somewhat  more  luxuriant,  and  little 
oharactcriatic;  there  is  a  Inxuriant  growth  in  nutrient  iHinillon  and 
bonillon-ogar  mixture.  There  ie  no  growth  uprin  pntflWi.  and  no 
markiMl  odor.  It  Ims  no  decided  pnthogenic  action.  Found  iu  lutsnl 
mucus  and  coating  on  tongue. 

Vibrio  lingualis.     Weibel  (C.  B.  iv,  337).  I 

According  to  Weibel,  this  variety  wirresponds  to  the  former  in  al^  ^ 
Bence  of  nmtility  and  lii[uefuction  (if  gelatin. 

Microacupiualij':  Vibriones  and  threads  wavy  in  one  plane,  spiml 
forms  do  not  stem  lo  occur.  Gelatin  stab  culture  is  somewhat  more 
luxuriant  than  in  the  preceding.  Upon  gelatin  plates  the  deep  col- 
onies present  a  flni-ly  thrcwlwl  Ijoitler,  Uie  threads  being  ooiled  and 
matted,  and  the  colony  resembling  anthrax  to  a  certain  extent.  In 
bouillon  there  ia  a  flocculfnt  precipitate.  It  is  dislinguislied  (rom  all 
other  known  vibrios  in  that  it  stnins  by  Gram's  method. 


3.  Spirillum.     Ehrecberg,  emend.  Ldffler  (C,  B. 

vii,  634). 
Long  cells,  bent  into  Bj>irals,  corkscrew-like,  rifri'li  with 
usually  a  unipolar  (oftMi  bipolar)  bunch  of  Hagclla. ' 

For  a  long  time  only  two  true  spirilla  were  obtained  in 
pure  culture  and  easily  cultivated:  Spirillum  rubrum 
V.  Esmarch  and  Sp.  cnncentricum  KiUisato.  Kutscher 
(Z.  H.  XX,  46,  and  C.  B.  x\-iii.  614)  and  Bonhoff  (H. 
B.  VI,  351)  liave  widened  our  knowledge  of  the  spirilla 

3ieciea  very  mncb,  by  cultivating  from  flnid  manure  and 
le  fpces  of  Bwiue  an  entire  Feries  of  spirilla  which  were 
already  partially  known  through  E.  O.  Miiller,  Ehrcnbei^, 

'  Zettnow  (Z.  II.  xxrv,  79,  and  C.  B.  L.  IV,  3«9)  has  made  careful 
RtndiM  regarding  tliu  Mtrocture  nF  tliis  organism,  through  which  he 
mw  led  to  entirely  ilifFerent  re«ullH  from  IboHe  of  A,  Fiicher  and 
Higula,  which  we  minted  on  page.  20.  Hiii  results,  on  the  contrary, 
Oorrwpond  with  thuse  i>I  Bulsehli.  foundnl  upon  many  low  organisms: 
'tikrf  a  distinct  mpmbmnc,  hmipveoinh  »tnieturo  of  the  entire  cell,  | 
li  niuneruus  gtaaulea  lying  within. 
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and  F.  Cohn,  but  were  never  previously  cultivated. 
Kutsclier  liiraBelf  de8cril>ed  part  of  the  eaiiie  with  a  flat 
bend  to  the  spiral  as  vihriones,  in  spite  of  the  fact  that 
be  bad  stained  the  tenninal,  thick  bunches  of  flagella. 

The  isolation  was  accomplished  by  means  of  agar  plates, 
after  a  preliminary  culture  had  been  prepared  which  fur- 
nished a  surface  pellicle  containing  spirilla,  according  to  the 
method  employed  in  cholera  iliflgnosia.  The  colonies  bub- 
pected  of  being  spirilla  were  torn  with  a  fine  platinum  wire 
under  the  micrcBCOpe  and  tbeu  it  was  noticed  whether 
upon  slight  magnification  motion  could  be  observed  in  the 
drop  of  fluid  which  collected  in  the  rent.  If  this  was  the 
case,  it  could  be  conjectured  that  spirilla  (or  vibrios)  were 
being  dealt  with,  since  the  ordinary  micro-organisms  of 
manure  were  almost  all  n  on -motile. 

EuUctier  emplnyed  a»  niitrient  mediiim,  nirat  infusion  of^a.  neu- 
tralized with  Bodo,  without  any  further  adilitiun.  Zuttnow  finds  the 
additiouB  of  0.1%  animoiiiuni  sulpliate  and  0.1%  potnssium  nitrate 
to  be  prftcticul,  and  (ti'"es  delailpd  ilpscriptionB  for  tlie  preparatioii  of 
"Bpirilla-AgaT"  (C.  B.  xix,  393). 


Spirillum  conc«ntricuni.'      Kitasato  (C.  B.  iii,  7a). 

(I'htteS.^,  vi-lX.) 

Short,  more  or  less  winding  spirals,  1-8  p  long  and  0.5  ft  I 
thick,  actively  motile,'  staining  by  Gram's  method  (55,  \ 
a.). 

Upon  gelatin  plates  dolicutfl,  transparent  growths,  finely  j 
punctated    (55,   vii).     In   the  gelatin   and   agar  stab  al 
spindle-shaped  growth  below  the  surface,  similar  to  the  ] 
Spirillum  rubrum,  but  yellowish.     Upon  the  agar  plate, 
delicate  (according  ti>  Kitasato,  firmly  adherent)  colonies, 
opaque  and  yellowish  in  the  center,  and  at  the  border  trans- 
parent and  finely  granular  (S-"),  vi).     Bouillon  is  rendered 


I 


'  In  Bptte  of  every  prwanticm  am  oullures  never  ahowed  the  active 
motility  observed  by  Kilamhi.  We  have  never  tried  to  slain  flagella. 
Liiffler  has  described  terminal  bnnobes  of  flagella. 
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rao.Jerat«]y   turbid      Milk   is   uot  co.igulatai.     There  is 
niather  formaUoii  of  gas,  nor  H^,  nor  imJol. 

Ud  one  occasion  it  was  cultivated   by  Kitasato  from 
putrid  blood. 

Spirillum  rubrum.     v.  Esmarch  (C.  B.  i,  335). 

(Plate  55,  i-v  a.) 

Beautiful  threads,  more  or  less  elongated  or  winding, 
like  a  corkscrew,  ofti'n  as  long  as  I6/1;  on  an  average, 
1-3.2/1  long  and  0.6-0.8p  thick  (55,  v).  They  are  motile 
because  of  terminal  bunches  of  flagella,  and  stain  by 
Gram's  method.  Upon  gelatin  plates  the  colonies  aro  at 
first  roundish,  almost  smooth-bordered,  and  later  tliey 
usually  have  concentric  rings  with  a  yellowish-gray  cen- 
tral part  The  peripheral  zones  usmilly  appear  greenish 
or  reddish.  The  gelatin  and  agar  stalw  grow  below  the 
surface  in  a  spindle  or  cylindric  form,  being  at  first  gray- 
ish-yellow, later  rusty  brown  to  red  (55,  i).  In  the  agar 
streak  there  is  a  very  scanty  surface  growth  (55,  11). 
Upon  the  agar  plate  the  colonies  are  transparent  nnd- 
elightly  crumbly  (55,  in).  Bnuillon  is  rendered  faintly 
cloudy.  Geialin  is  not  H'UK-fiod.  No  formation  of  gas 
nor  of  H^.     Imiol  is  pr^nluced  in  traces. 

On  one  occasion  cultivated  liy  v.  Esmarch  from  a  dead 
mouse-  At  first  it  was  preferably  an  anaerobe;  after  con- 
tinued culture  in  bacteriologic  collections,  it  now  also 
grows  well  at  times  as  an  aerobe. 

Spirillum  ru^ula.     (Cohn.)     Lehm.  and  Neum.* 


8-lfi^  long  and  1.5-2;!  tliiok,  and  ia  providMl  wiUi  termiiuJ  bnnolm 
sT  tliwella.  PrazmowHki'B  "spores"  conlil  not  be  drmoiistrated  with 
MM'tAinty  na  ^iich  by  RnnhofT.  Zettnnw  is  rninvinred  tluit  Prazmowsld 
Vtm  ilwplveil.  Gtifttiii  plate  mtonirs  rtaemblc  vety  iruicli  thnse  of  on- 
"invij  KPlatin  to  never  liguelinl. 

^     '  TTiM*  oiipMirB  to  iie  a  pertoin  Rimilaritr  in  the  oultnres  to  the 
l^lbrin  in  0/  Knlacber,  which  isa  tliick  ribrinprnvidi;!!  with  bnochea 
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Spirillum  tenerrimum.     Lehm.  and  Neum. 

Spirillniu  I  Entecher  (Z.  U.  XX,  46).  DescriptioD  uuwnling  to 
KntBcher  :  Slinrt  S-funiia,  very  liiie  and  thin,  as  u  nili:  with  three  or 
four  tunis.  Flngclla  Iiave  uot  been  Btained.  Uelatiu  platrs  prvaeiit 
ofaivacteridtic  colonies  with  a  coiupnct  ceuter;  then  a  Bliely  ^'^''^'^''i 
thinner  zone,  which  ciuries  H  ron-  ul  anBatoiiioHirig  rays  at  the  edge. 
In  the  gelutin  ittnli  the  i;rowth  rewmbles  that  of  hioubc  B(^ptiRCtlliI>, 
and  also  a  gradual  liquefaction  ocoure  from  above.  Upon  agar  plates 
the  mlonica  are  like  dewdropx.  Blight  clondine^  of  nntriL-nt  media 
without  pellicle  formation. 

Similar  to  this  is  the  oonutism  Kowdliiki  hait  caHiil  Spirillum 
hachaixe. '  It  is  a  tine  spirilltuu,,  aonietinun  seen  in  Uie  intestine  of 
cholera  cases,  but  alxo  in  human  di^jecbt  in  mosses  (aim  often  by  our- 
selves in  the  hIjmjIh  of  casea  of  anspecl^l  cholera).  Kegardini;  it,  there 
is  a  large  aiuouut  uf  literature,  but  it  i»  not  of  uiueh  value.  Kowalski 
(C-  B.  XVI,  321). 

Spirillum  serpens.     (E.  O.  Miiller.)     Zettnow  (C.  B. 
X,  689). 

(Vibrio  scr|K.'ii9  0.  F,  MllUer,  ciui-ml.  Cohu  and  Kntselier.) 
Quite  laive  spiriiliv,  thin,  with  iwiially  three  or  fonr  alight,  tibrupt 
turns  (the  length  of  two  turns  is  5-(i  fi ),  and  with  a  terminal  bunoh  of 
flagella  eontaiuingns  many  fls  fourteen.  In  the  gelatin  plate  culture  are 
formed  macroacopieatly  small  HtnrlLrta  which  nuemble  numewliat  micro- 
soopically  those  of  symptomatio  anthrax,  but  tlieraysat  the  periphf^ 
are  ommged  more  in  n  radiating  manner,  and  are  only  slightly 
matted.  The  growth  KTailtuilly  settles  down,  and  in  the  stab  some- 
timeH  is  acconijiBnied  by  the  tonnatiun  of  an  air  Hince.  Both  upon 
potato  and  agar  it  re^mbtes  Baet.  coli.  The  nutrient  solution  is  ren- 
dered very  turbid,  sometimes  with  a  delicate  pellicle.  Yigoroua  inilol 
reaotion.  Our  picture  (56,  I),  mo^itled  100U  timed,  copiiid  from  Zett- 
Dow,  makes  the  organism  appear  very  much  larger  than  Cohn'a 
deacriptiou  indicates.     Our  own  descriptions  oorrespond  to  this. 

Spirillum  tenue.     Ehrenberg,  emend.  Cohn  and 

Kutscher. 

Tliin  {(iMi'),  markfdly  winding  threads,  usually  with  two  to  five 
turns  (4~I5  /j),  with  temiiniil  Imnches  of  very  clelioate  tlogella.     Tlie 

'  BonhoS  makes  the  very  Hur|>riaing  communication  that  these  fine 
Bpirilln  are  degeacration  forms  (older  fonns)  of  a  short  organism  which 
grows  upon  gelatin  exactly  like  the  Bitct.  coli,  and,  in  youug  cultures, 
presents  the  picture  of  the  Boot,  enli  when  mognifled  1(K)0  times. 
The  rods  have  two  fingella  at  one  i^nil,  do  not  grow  on  potato),  give  the 
litroen-iiidol  reaction,  do  not  con(4;n1ale  milk,  and  form  no  gaa  from 
jrape-sugor  (Hyg.  Rund.  vi,  ISWS,  V>\).  Further  commnnii  " 
rq^rding  this  interesting  organiam  ore  ejpccted,  bot  have  n 


Ditroen-iiidt 
^  gnLpe-sugor 

^L         r^^rding  t 
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gelatin  plates  show  the  deep  colonies  ns  yelloniah,  round,  finely 
grannlAr,  arid  idiarply  onUintu];  Ibe  superficial  are  nniilar,  but  more 
Bprc«diiig.  thin  Glms.  The  tielatin  etab  culture  preaente  a  delicate 
growth  in  the  stab,  and  jellovriah,  abundant  surface  growth,  with 
padual  liciDefnction  ond  tomuitinn  ol  an  iiir  space.  No  growth 
upon  potato.  Nutrient  Quid  rapidly  becomes  turbid  with  a  thick  I 
pellicle.    Ab  Kutedier  also  remarks.  Beijerinck's  descriptintis  <A  three    , 


Fig.  19.— Spir.  tenne  Ehr.,  aft«r 


forms  oE  Sp.  t«?nne  (C.  B.  L.  I.  1)  are  not  sufficient  tor  identiUeation. 
Boiihoft  found  one  form  dctiuting  somewhat  from  Kulaulier'a  d(ttcri|>- 
tiou;  for  example,  with  only  two  flogella  'in  each  side. 

Spirillum  undula.     Ehrenberg.  emend.  Cohn  and 
Kutscher. 

Relatively  Isi^ge  threads;  usually  J  to  1,  rarely  1}  to  3  tunu 
height  and  diameter  of  eiicli  turn,  A-h  u.  After  longer  cultivation 
tlicre  are  often  B«ut*ly  any  except  BtnuKht  fonns.  With  tennin&l 
bunches  of  Hogella,  three  to  fifteen  in  nmiibcr.  In  gelatin  plates  there 
oooais  only  in  the  depth  a  slow  growth  of  sharply  outlined,  finely 
gnnQlor  colonies,  lieneuth  which  the  gelatin  sinks  a  little.  In  the 
Btah  cnltnre  development  takes  place  in  the  upper  two-thirds  of  the 
atnh;  the  growth  on  the  surface  of  the  gelatin  is  thin,  whitish,  slii^tly 
lobtllat«d,  and  alter  ten  days  nnhs  slowly  into  a  depression.  Onnra 
on  potato.     Nutrient  fluids  unitonnly  cloudy,  withont  pellicle. 

Recently  Zettnnw  ntid  Knlaoher  have  diHerentiatwi  from  this  Spir, 
undnlft  minna  alno  a  t^pir.  undula  innjus,  which  is  atrant  nnc-third 
laiger  and  grows  well  on  meat-infusion  gelatin  aad  agar  ( C.  B.  XVlIt, 
814;  XIX,  393). 

Spirillum    volutans.     Ehrenberg,   emend.   Cohn  and 
Kutscher. 

Not  only  the  Ittrgest  spirillum,  but  one  of  the  largest  vnrietips  n( 
bacteria.  The  threads  ore  about  S-.t  /<  thick  and  spirally  wimiid,  the 
height  of  a  turu  living  6.6  ^,  length  13. S  ii;  usually  there  nre  2\  to  3} 
tnnu.  In  cultures  the  forms  are  smaller,  nimilar  to  the  Spir.  rabrnm. 
According  to  Cohn,  they  have  one  large  flogelluiu  at  each  end;  metxaA- 
Ing  to  A.  Fischer  uid  Kutscher.  a  terminal  tuft  of  three  to  eight  long 
flogella,  which  are  oflen  plaited  together.  The  colonies  in  gelatin 
plalm  at  Dr^t  rcscmhlB  Ihnae  of  Boot,  coli;  later  the  gelatin  rinks  in, 
and  tlie  peripheral  parts  of  the  colonics  break  up.     A^r  plates  an 
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like  tboBB  of  the  Bact.  rati.  In  tiie  Kelstin  stab  there  is  a  feeble 
growth;  the  aurfnce  ^i^wth  is  porcelain  white,  mnrkedly  lobulated, 
and  after  ten  hours  sinks  inte  a  deprtaaion.  ITpun  \KitaU)  a  diy 
l^wth.  Nutrient  fla id  uniformly  cloudy,  without  a  pelliole  or  with 
a  scanty  one. 

Spirillum  stomachi.     (Salomon.)     L.  and  N. 

Salomon  has  deBcribecl(C.  B.  xix,  433,)  a  very  interesting 
beautiful  spirilhim,  which  has  not  been  cultivated,  and  ia 
never  absent  fr«m  dogs'  stomnchs.  It  is  also  found  in  cats 
and  rata,  and  can  be  readily  transferred  to  mice  by  feeding. 
It  occurs  especially  in  the  ghmds  of  the  stomach. 

3.  Spixoctuete.     Ehrenberg. 

The  cells  are  flexible,  and  present  lonu,  jxtinted,  spirally 
bent  threads.  Flagella  are  unknown.  Motility  is  assigned 
to  an  undulating  membrane. 

A  key  for  their  differentiation  may  he  omitted,  since 
only  two  or  three  species  arc  known. 

Spirochete  Obermeieri.    F.  Cohn.i 

(Plate  56,  VIII  and  IX.) 
iftenrti.™.— Ohermeier  (C.  t.  med.  Wias,,  1S73,  U5);  Kooh  (Mitt, 
a.  d,  Ges.-Amte,  i,  167);  Sondakewitsoh  (A.  P.  V,  545);  Cohn  (Bei- 
tlBge,  I,  Heft  III,  196);  literature  by  Afnnaiwiew  (C.  B.  xxv,  415). 
The  personal  inveiitigntions  ol  thc^e  nnthors  arc  not  adapted  for  nse 
in  a  text-book. 

Bacteriologically  very  little  is  known.  Larg^^  flexible, 
motile  threads,  coiled  like  a  corkscrew,  with  pointed  ends, 
1}  to  26  times  as  long  as  the  diameter  of  a  blood-cell, 
usually  20-30/1.     Flagella  and  spores  are  not  known. 

'  SakharotT  dJucoTered,  in  the  blood  of  geese  mfferin^  from  an  epi- 
nmtio  disenso  in  Qiucasna,  a  motile  bat  nut  flexible  flpirocluete, — 
SpiiochKte  anserina  gakharofT  (C.  B.  XI,  203),— through  which  the 
diHease  nmy  be  tntnnferred  to  healthy  animals.  Details  are  |!;iven  le- 
garding  it  by  Gnliritnchensky  (C.  B.  xxin,  3C\5].  It  was  not  culti- 
vated. The  tollowinff  may  be  simply  mentioned:  Spirochiete  plica- 
tilis  Ehrenberg  from  maish-water  and  the  Spirochnte  of  the  saliva, 
which  have  been  often  ncen  but  never  cultivated.  Aooonlinjt  to  P. 
Cohn  (Beitriige,  Bd.  1,  Heft  It,  and  Heft  III,  pp.  197,  190);  theao 
varieties  are  not  to  be  distinguished  microscopicnlly  from  tile  Spitooh. 
Obermeieri. 
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It  is  typically  found  in  the  blood  and  spleen  of  recur- 
rent fever  cases,  hardly  ever  during  the  afebrile  periods 
(an  exception  proved  by  Naunyn);  demonstrated  by  Kar- 
linski  to  be  the  cause  of  a  part  of  the  cases  of  febrile 
icteruB  (C.  B.  xi,  26). 

It  stains  readily  with  the  usual  anilin  dyes,  Giinther 
recommends  that  the  dried  and  fixed  preparation  be  pre- 
viously freed  of  part  of  the  albuminous  bodies  by  means 
of  a  1%  to  5fe  acetic  acid  solution.  It  is  not  stained  by 
Gram's  method. 

No  cultures  have  so  far  been  successful.  According  to 
Paetematzky,  the  spirocha;te  may  bo  pr<'serveil  alive  for 
about  ten  days- if  a  leech  is  allowed  to  fill  itai'If  from  a 
case  of  recurrent  fever,  and  then  is  kept  upon  ice. 

Inoculation  experiments  have  succeeded  only  upon  man 
and  monkeys.     The  monkeys  become  sick  after  al>out 
three  and  a  half  days,  but  present  only  the  initial  attack 
of  fever  and  no  recurrence.     Extirpation  of  the  spleen   , 
makes  the  disease  more  dangerous  for  the  monkey. 
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Actinomycetes. 

For  the  limitation  of  this  group  and  its  genera,  Siiee 
page  127. 

We  have  conscientiously  recorded  all  that  is  known  to 
us  in  the  literature  regarding  forking,  branching,  etc.,  in 
other  forms  up  to  this  time  considered  as  true  bacteria; 
thus,  B.  pyocyaneum,  B.  influenzae,  B.  tetani,  B.  radici- 
cola,  Vibrios, — the  cladothrix  form  of  B.  murisepticum 
was  immediately  retracted  by  Kitt  himself, — and  we  must 
naturally  acknowledge  that  these  observations  make  it 
more  difficult  to  perceive  in  the  branching  a  distinguish- 
ing peculiarity  between  actinomycetes  and  fission-fungi. 
Innumerable  similar  difficulties  are,  however,  encountered 
in  the  definition  of  higher  plant  families — some  genera 
are  often  placed  with  equal  propriety  in  one  or  another 
family.  If  at  a  later  time,  because  of  further  investiga- 
tions, the  significance  of  branching  should  be  construed  in 
a  manner  different  from  that  of  to-day,  it  will  still  remain 
true  in  any  case  that  the  actinomycetes  of  to-day,  which 
we  have  collected  in  part  upon  the  basis  of  branching,  will 
form  a  perfectly  natural  family,  even  if  their  family  diag- 
nosis should  be  essentially  remodeled. 

I.  Corynebacterium.     Lehm.  and  Neum. 

Cultures  having  throughout  the  character  of  cultures  of 
true  bacteria;  soft,  lying  flat  and  loose  upon  the  nutrient 
media.  Stain  well  with  the  ordinary  bacterial  stains,  but 
are  not  acid  proof.  Microscopically:  Rods,  which  fre- 
quently present  clubbed  swellings  at  the  ends,  ap[)ear 
more  or  less  distinctly  composed  of  differently  staining 
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segments,  and  in   many  cultures   present  constantly  an 
undoubted,  true  branching. 

Key  to  the  Recognition  of  the  Most  Important  Vari- 
eties of  the  Genus  Coiynebacterium. 

1.  F1at«  cultures  np<in  Ji^elatiii:  CuluiiLut  like  those  of  B.ict.  coli  or 
typhi — I.  r.,  mundUl],  and  when  mi^iScil  sixty  times,  with  ilistint^t 
lineal  markingai  upon  a^ar  and  senun-OKar,  just  like  Bact,  ooli. 
Potatooultnrehrownitih-red.  Cause  of  glundera.  Coiynebact,  mallei 
L.  and  N.,  pofce  384. 

3.  I'lute  cnltnreti  npon  agar  and  serum-n^tar  with  very  ohiiraoteriHtki 
gninuhition  (splintery!).  Growth  upon  potato  tisiialiy  alight. 
ColorleBa  to  yellotrish. 

{a)  Very  luxuriant  )>Towth  upou  the  nutrient  media,  even  njun 
polAto.  Gelatin  gradually  discolored  hn>wn.  Growth  often  yellow wh, 
sometimea  brownish.  Not  pBtiiofnenio  for  animals.  ITsually  little 
aoid  produced  in  bonillon.  UxnMly  no  Kni'iulen  iu  the  mis  when 
stained  by  Neisser's  method.  Corytiebact.  pseudodiphtberiticum 
(Hofmann-Wellenlraf )  L.  and  N.,  page  KI4. 

(6)  Growth  of  nicdinm  intensity  upon  agar,  and  best  npon  semm- 
agar;  pour  upon  ^latin  and  potato.  Vigorous  prodnction  of  acid  in 
bonilton.  Usually  K">nules  in  the  rods  when  stalni-d  by  Neimef's 
niethcxl.  Pathof^enio  for  man  and  animals.  Corynebact.  diphlheriK 
LUffltT,  L.  and  N.,  page  3S9. 

(c)  Scanty  icrowth  upon  nntrient  media.  No  prodnction  of  acid  in 
bonillon.  No  gnvnules  slaining  by  Neiascr's  method.  Not  patho- 
genic, Corynebact.  xerosis  (Neiiwer  and  Kuschbert)  L.  and  N., 
piige<06. 

The  close  retatio:)sbip  of  Coryneboolerinm  diphtheriie  with  Ooryn. 
peeudodiphtheriticun  and  Giryn.  xerosis  p^nuits  no  certain  recogni- 
tion from  this  key  alone.     (Compare  p.  403. ) 


(Plater.?.) 

Common  Names. — Glanders  bacillus;  German,  Rotz; 

Lutin,  malleus;  French,  morve;  English,  glanders.    Bacil- 

t  lu8  mallei  Fltigge. 


Microscopic  Appearance. — Slender  rods  (2-S  /t  long, 
fO.4  p  thick),  eometimes  with  brigtitly  shining  bodies 
1  (metachromatic  bodies),  which  may  be  shown  very  well 
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by  means  of  Neisser's  staiuing  method  for  diphtheria 
granulea.  True  endogeiiouB  sports  are  never  present ;  all 
previous  positive  statements  to  the  contrary  are  errone- 
ous. In  old  cultures  clubbed,  vesicular  enlargements 
which  create  the  impression  ot  involution  forms  are  often 
Been;  also  long  threads,  which  sometimes  exhibit  true 
branching  (57,  xn)  in  great  abundance.  See  Semmer  (C. 
B.  XVIII,  68).  Dissertation  by  Erich  Wolf,  Wiirzburg, 
189S,  and  Marx  (C.  B.  xxv,  274). 

Staining  Properties. — Somewhat  difficultly  with  ordi- 
nary stains;  does  not  stain  by  Gram's  method.  For 
staining  the  bacteria  in  sections,  Nicolle's  method  is  to  be 
recommended  (Technical  Appendix). 

Requirements  as  Regards  Composition  of  Nutrient 
Media,  Supply  of  Oxygen,  and  Temperature. — Grows 
best  at  incubator  temperature  (minimum,  25°;  maximum, 
40°).  Prefers  glycerin-agar  to  ordinary  agar,  but  is  not 
particular.  Grows  well  aerobically,  poorly  or  not  at  all 
anaerobically. 

Gelatin  Plate. — (n)  Natural  wze.  Superficial  and  deep 
cnloniea:  Small,  whitish,  punctiform;  also  after  a  long 
time  they  do  not  become  essentially  larger.  The  super- 
ficial ones  have  a  delicate,  transparent  halo  (57,  v). 

(6)  Magnified  sixty  timta.  Superficial :  Irregularly  round- 
ish ;  scalloped,  wavy  margin  ;  shining  white,  transparent, 
with  wavy  elevations  and  marked  reflex.  Old  colonies 
are  more  yellowish,  especially  in  the  center,  with  linear, 
depressed  markings.  They  are  very  similar  to  colonies  of 
B.  typhi  and  putidum  in  the  early  stJiges  (57.  viu,  e). 
Deep:  Roundish  or  oval ;  sharply  outlined  ;  in  the  center 
delicately  crumbly,  at  the  outer  part  streaked.  The 
peripheral  zone  is  sharply  marked  (57,  vrn). 

Gelatin  Stab. — Stab :  Thread-like  ;  sometimes  faintly 
granular,  sometimes  like  a  string  of  pearls ;  gray.  Sur- 
face growth:  Exceedingly  delicate,  perfectly  transparent, 
gray,  with  a  ragged  fringe,  and  of  a  dull  luster  (57,  i). 

Agar. — Not  distinguishable  from  Bact.  coll ;  entirely 
non-characteristic  (57,  iv,  vii).  For  a  year  we  cultivated  a 
form  of  the  Cory,  niallei,  which  occurred  spontaneously  and 
which  produces  rusty-brown  colonics  upon  agar.     This  is 
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a  counterpart  to  the  rusty-colored  streptococci  mentionecl 
on  page  137. 

Bouillon  Culture.  —  Almost  clear,  moderate  homo- 
geneous seiliment,  which  rises  up  uniformly  upon  shaking. 

Hilk. — Slowly  coagulated. 

Potato. — At  first  there  is  a  light  yellow  or  brownish 
growth,  with  a  moist  luster,  scarcely  at  all  or  slightly  ele- 
vated, lighter  at  the  edge,  not  sharply  outlined  (57,  x). 
After  a  longer  time :  brownish-yellow  or  hrownieh-red, 
smooth,  wavy  border,  sharp  outline,  the  periphery  still 
being  paler.  The  potato  becomes  discolored  (57,  ix). 
The  culture  haa  much  similarity  to  that  of  the  Vibrio 
cholerw.  Cultures  upon  carrots  present  a  white  growth 
and  were  employed  by  Marx  (being  protected  from  dry- 
ing) tor  his  studies  upon  branching. 

Resistance  to  Drying, — .Slight.  At  25"  dead  in  ten 
days  (Bofiome).  According  to  Bonome,  it  withstands  70° 
for  six  hours  without  injury  (  1 ) ;  70''-75''  kills  in  five  or 
six  minutes  ;  W-lOO",  in  three  minutes. 

Chemical  Activities. — Except  for  the  formation  of  pig- 
ment upon  the  potato  and  a  trace  of  indol  in  bouillon, 
nothing  is  known  beyond  the  formation  of  raallein  (bao- 
terioprotein).  Forms  no  H,S,  No  gas  is  formed  from 
carlwihydrates. 

Disbibution. — 

(n)  Oiibiide  the  body:  Never  has  been  found. 

(b)  In  hfolthy  body:  Never  has  l>een  found. 

(e)  In  diseased  human  organigm:  Man  is  fairly  suscep- 
tible to  glanders,  almost  always  the  transfer  occurring  from 
horses.  About  50%  of  the  cases  die.  The  bacteria  are 
found  in  the  secretion  from  the  ulcersof  glanders  and  in  the 
glandars  nodules.  The  principal  places  of  infection  are  the 
skin  and  mucous  niembranee.  The  glanders  bacilli  also 
enter  the  uninjured  skin  through  the  hair  rollicleE  and 
spread  in  the  lymph-spacea.  Chronic  glanders  also  occurs 
in  man,  although  very  rarely. 

(d)  In  animaU  :  Of  our  domestic  animals  the  following 
are  attacked  :  Horse,  ass,  cat  (and  the  wild  canines  of  tbd 
zoological  garden);  according  to  infection  experiments, 
also  dogs  (especially  in  the  young),  goats,  sheep,  rarely 
Bwine  are  susceptible.    Cattle  and  birds  are  immune.    Ac- 
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cording  to  Schiitz,  there  is  no  primary  pulmonary  glan- 
ders ;  on  the  contrary,  the  lungs  are  always  affected  Sfcon- 
darily  from  the  skin  or  mucous  membrane.  The  primary 
port  of  entry  in  the  skin  or  nasal  mucous  membrane  ia 
often  already  healed  when  the  pulmonary  glanders  begins. 
According  to  Nocard,  the  traneparent  gray  nodules  in  the 
lung,  which  show  a  tendency  to  calcify,  are  due  to  glan- 
ders infection.  Schiitz  has  {always  ?)  found  a  small  round- 
worm in  them,  and  denies  that  they  are  connected  with 
glanders  (C.  B.  xxni,  901). 

Experimental  Observations  Regarding  Pathogenic 
Effects.*- — (n)  Oil  aiiimah:  For  experimental  purposes 
the  guinea-pig  is  best,  and  next  the  field  mouse  (Arvicola 
arvalis)  (Loffler).  Also  the  following  may  he  used 
(Kitt):  Mus  sylvaticus  (wood  mouse)  and  Arvicola  am- 
phibius  (water  rat).  The  rabbit  is  slightly  susceptible. 
Immunity  exists  in  the  case  of  gray  and  white  house 
mice*  (LofHer)  and  rats.  Experiments  upon  cats  and 
dogs  have  more  disadvantages  than  advantages. 

The  most  important  animal  experiment  is  the  injection 
of  2  c.c.  (not  too  little)  of  a  suspension  of  the  pure  cul- 
ture or  of  the  crushed,  suspected  or^n  through  the  median 
line  above  the  bladder  into  the  abdominal  cavity  of  a  male 
guinearpig  (Straus,  Arch,  de  Med,  exp,,  i,  1889,  460). 
After  forty-eight  to  seventy-two  hours  there  is  presented  a 
marked  swelling,  redness,  and  tenderness  of  the  scrotum 
as  a  pathognomonic  symptom  of  the  successful  transfer  of 
glanders.  The  swelling  is  dependent  upon  the  formation 
of  numerous  glanders  nodules  upon  the  tunica  vaginalis 
testis,  the  two  layers  of  which  are  stuck  together  by  a 
purulent  exudate;  and  glanders  nodules  also  occur  inside 
the  testicle.  After  twelve  to  fifUien  days,  sometimes  even 
four  to  eight  days,  the  animals  die,  before  which  suppura- 
tion in  the  testicle  may  have  discharged  externally.  To 
expedite  the  diagnosis,  the  diseased  testicle  may  be  exam- 
ined even  before  the  death  of  the  animal  hy  means  of 
potato  cultures,  etc.     Subcutaneous  iiijection.^i  are  not  to 

'  Experiments  are  permiasible  only  in  welt-eq Dipped  laborntories 
■nd  with  most  extreme  precantioui 

>  AcDording  to  Sliattock,  thrv  lircame  sick  onl;  at  a  luter  time,  and 
die  after  two  or  time  weeks  (C.  B,  xxv,  323). 
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be  recommended  in  guinea-pig8,  as  the  absceeacs  which 
form  primarily  imperil  the  pxpfrimenttr  by  opening  exter- 
nally, and  death  iiccure  unly  after  twenty-five  to  thirty 
days  (also  here  uJmr>Bt  always  the  testicles  are  diseased). 

(6)  Upon  man:  No  purposeful  experiments  have  been 
made  with  glanders  bacilli  in  man.  A  number  of  fatal 
laboratory  cases  indicate  the  great  danger  fur  man  of  the 
pure  culture. 

Special  Methods  for  Demonstration  and  Cultiva-' 
tion. — Acut«  cases  of  glandi.TS  in  horses  are  usually  not 
difficult  to  diagnose  from  the  clinical  symptonia.  The 
diagnosis  in  subacute  and  chronic  cases  is  harder  and  often 
very  difficult,  even  after  autopsy  and  with  the  additional 
help  of  bacteriologic  aids. 

(j4)  In  the  ease  0/  livhig  anivwh  the  following  is  reoom- 
metided  : 

1.  Mallein — the   protein   of    the  glanders  bacillus — is 
injected  subcutaneously.     While  healthy  animals  remain 
afebrile   or  show  only  a  slight  fever  of  reaction,  those 
affected  with  glanders  usually  show  a  gradual  elevation  of 
the  temperature  of  1.5''-2'' ;  *'  and  after  it  hae  remained  at 
the  highest  point  for  a  short  time,  it  gradually  falls, 
the  point  of  the  injection  there  remains  a  swelling 
several  days  if  tlie  animal  is  affected  with  glanders, 
method  furnishes  no  al>soIutely  certain  diiignostic  pr( 
since  sometimes  the  febrile  reaction  occurs  in  healthy  indi* 
viduals,  or  remains  slight  in  diseased  ones.     Most  authoi 
recommend  it  highly.' 

2.  The  suspected  nasal  cavity  is  wiped  out  with  a 
cotton  Bwab  and  1  c.c.  of  a  sus]>cnsion  of  the  material 
thus  obtained  is  injected  intrapentoneally  into  a  guinea- 
pig  (see  p.  387). 

3.  One   of  the  swollen,  paratracheal  lymph-glands  u 

'  The  elevation  ut  tpmpeniture  U  the  more  sitoilloant,  the  b 
the  ori^cinal  tempetnture.     An  I'levittion  of  more  thdii  2'  with  a  iii 
initial  tempemrare  is  fnirly  certain  proirf.     An  ekvntion  of  b 
aCure  not  over  1.1°  indicatM  nn  almcnoe  of  ginudcrs ;  1.3''-1.Q° 
pieioDB.     See  Eber  (C.  B.  XI,  30). 

'  The  experiencos  of  Prof,  Schutj!  mivke  one  eepecially  akepUo^'J 
Tliia  in  pnrtionlarly  tme  in  ]ii«  latest  results  with  6-i  horsea :  9    ~ 
of  SI  liealtlij  horses  reacted,  while  the  3  with  glanders  did  nut  I 
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extirpated  and  smear  cultures  prepared  from  the  same 
(incubator) : 

(a)  Upun  potato  (brown  color  of  the  growth). 

(6)  Upon  glycerin-agar. 

Also  a  mi(!roscopic  preparation  is  mode,  and,  further,  a 
guinea-pig  is  injected. 

(B)  la  the  case  of  Uoing  men :  Tlie  secretionB  from 
glanders  ulcers  are  best  examined  by  infections  of  guinea- 
pigs. 

(C)  In  aniiiuiU  at  the  mttop/n/  ■' 
i.  Cultures  and  animal  investigation  with  fresh,  crushed 

glanders  nwluiL-s. 

2.  Staining  of  sections  of  glanders  nodules  (difficult). 

Knteoher  (Z.  H.  xxl,  15A)  boa  deacribed  an  iutereetiiig  pseudo- 
glandeti  bacillus.  It,  ipows  aimilarlj  to  cholera  apon  gelatin,  lux- 
nriantly  npon  agar,  white  and  dry  uimui  potato.  Miorosoopioallj  it 
resembles  the  B.  mallei  abmlutely,  bnt  staitis  by  Gruni'ii  method.  " 
u  intereetinfi;  that,  it  iniect«l  intrapcrttoneally  acconliuji;  to  ' 
method  of  fstrans,  it  jimdnces  a  swelling  of  the  testicle  in  m 
gninea-pi^  aa  the  B.  mullei  Aaes.  The  swelling  is  dne  more 
nodular  Hwelling  ot  the  onveringa  of  the  testicle  than  to  swelling  of  its 
substance.  Tlic  animals  nsiially  die  after  font  or  lire  days,  when  a 
peritonitis  (often  heniorrhafiio)  dominates  the  picture.  There  are  no 
nodnlea  in  the  other  al«lomiiial  organs,  but  the  omentum  is  always 
rolled  up  and  highly  inflamed, 

Corynebacterium  diphtherice.     (Loffler.)     L.  and  N.> 

(PlatcaW,  5«,  and  60.) 

Synonym. — Bacillus  diphtheriiB  Loffler. 
Common  Names. — Diphtheria  bacillus,  Loffler's  ba- 
cillus.    "  Jjoffler." 

Lifcrtfure.— Loffler,  Mitt.  a.  d.  Oes.  Amt.,  Bd.  n.     Complete  lisl 

1'  Tlio  Btat4!nient  of  Zupnik  (Berl.  klin.  Wochenschr.,  1397,  No.  50), 
Out  the  diphtheria  bacillus  may  l>c  neparated  into  two  varietiea,  could 
not  be  verified  by  Slanykand  Monlcautide  (Z.  H.  XXIX,  ISl).  Zupnik 
divides  them  as  follows: 
(a)  Rehitiv-ely  1ar;ge,  flat,  ilull  aiiia  oolonies,  ot  irregular  contour. 
ITiey  stain  by  Gram's  method,  are  non-motile,  and  are  fully  virulent 
tor  gaineo-piga.  Bouillon  is  not  cloudy  and  only  presents  tlie  fonna- 
lion  of  a  pellicle. 
(6)  Smaller  a^iar  cnlonien;  circalar,  oonicolly  elevated,  shining. 
They  do  not  stoin  by  Rram'a  method,  ore  alnggiahly  motile  (I),  and 
in  guinea-pigs  prodooe  only  inflltration  and  uecroais,  and  never  death. 
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of  literatare  up  to  1894  ia  found  in  the  tliorongh  work  of  I 
Aetiolo^ie  und  PaCho^nese  der  epideniisplien  Diphtherie,  Winn,  ISM. 
Latpst  literature:  Heincrsdorfl,  Arch.  f.  Ophth.,  Bd.  4(1,  p.  1.  Esne- 
uiullv  important  also  are:  Neiaaer  (Z.  H.  xxiv,  443)  and  Knrth  (z. 
H.  XXVIII.  409).  C.  Friinkel(B*rl.  kliii.  Wocheiiachr.,  1697,  1085). 
Zupnik,  I.  c. 

Microscopic  Appearance. — yiender,  mther  long,  roda,  J 
often  jL  little  beut  and  usually  somewhat  swollen  at  one  or  J 
both  ends.     Many  times  they  are  arranged  in  pairs.   Wit' 
Escherich,  the  following  forms  may  be  distinguished; 

1,  Wedge-ehaped  rods,  about  1,5-2  /»  long,  aboal 
0.5  p.  thick  (60,  ii,  iv). 

2,  Long  cylindric  roda  (especially  upon  agar  and  po- 1 
tato)  (60,  I),  3-1/1  long,  0.4-0.6 /i  thick. 

'S.  Rode  with  clubbed  swolHnga  (esjiocially  upon  seruin)^« 
ae  much  as  6-8/1  long.  The  clubs  resich  a  diameter  tttj 
1.0;*  (60,  III). 

In  1  and  3  the  thin  ends  are  often  long  and  drawn  oufr' 
to  a  point.  The  same  culture  upon  alkaline  bouillon  forma 
long  clubbed  rods;  upon  acid  bouillon  forms  abort,  wedge- 
shaped  rods.  The  sbort  forms, are  more  often  ])arallel  in 
arrangement;  the  long,  more  at  angles,  and  arranged  in 
rosettes  like  fingers,  etc.  J 

According  to  Kurth,  the  probability  of  the  form  und«r9 
observation  being  pathogcnio  is  increased  if  it  can  bV'4 
established  that  in  contact  preparations,  from  young  cul-  ' 
tures  (six  hours  at  3.'j°)  on  LiJffler's  serum,  there  are 

{(resent  at  least  a  numlier  of  longer  fonna  (seven  times  aa 
ong    as    tJiick)   or   V-shaped   forms.      Furtlier,    Kurth 
atliiches  value  to  an  appearance  of  the  young  rods  bcine 
81)  arranged  as  to  suggest  the  fingers  of  two  hands,  aprea 
out  upon  each  other. 

Tliey  have  recently  been  often  observed  to  grow  int<] 
unbranched  tlirojids  (in  part  with  clubbed  swelling  at  thi 
ends),  and  even  into  branched  threads  (BaliSs,  Klein,  C 
Fiiinkel,  C.  B.  xvii,  896).  We  have  also  poesessed  cu] 
turea  which  prescntt^d  striking  branching  forms   in   pra 

Bonillon  bi  first  rendorcd  iU(Tii»>1y  clondy,  then  becomes  dm 
the  pi'llirJe. 

Rfawjrk   anil    Monicantidn   fimnd    tliirty  (xiuiplclrly   invextijio 
palhoKeoic  cnlturt*  to  oi>rriMptnKl  to   the.  plan,  only  in 
—    sntnl  luuTB  of  tho  Hmaller,  gli«t«niDt;,  elevated  agar  ooloniM 
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ponderance  (60,  xn).  The  other  forma  represented  in 
Plate  60,  v-ix,  also  occur  in  true  diphtheria,  the  short 
forms  especially  in  very  youiig  cultures. 

Schiitz  found  the  best  formation  of  branches  in  different 
cultures  to  occur  sometimes  upon  alljuniin,  sometimes  on 
glycerin-agar;  also,  in  distinction  to  C,  Friinkel,  he  often 
observed  beautiful  branching  in  bouillon  (Berl.  klin. 
Wochenachr.,  1898,  297). 

Motility. — Never  present.  We  have  never  seen  any 
motion  at  all. 

Staining  Properties. — Stains  with  all  the  anilin  dyes, 
especially  in  young  cultures;  also  by  Gram's  method. 
Gram's  method,  especially  as  modified  by  Czaplewski,  is 
to  be  recommended  for  the  study  of  smear  preparations 
from  diphtheria  material;  carbol  gentian- violet  and  Gram's 
solution  of  iodin  are  used.     (See  Technical  Appendix.) 

Carbol'fuchsin  ami  anilin  gentian-violet  solution  stkin 
very  intensely,  without  revtialing  the  finer  structure. 
Staining  with  warm  Loffler'e  methylene- blue  solution  and 
differentiating  in  water  reveals  a  very  characteristic  struc- 
ture in  the  bacilli.  They  consist  of  alternating  sections  of 
intensely  and  faintly  stained  substance  surrounded  by  & 
delicate  envelope  of  faintly  stained  materiaL  This  is  most 
marked  in  older  cultures  on  blood-serum.  Very  young 
bacteria  stain  uniformly  blue. 

Metachromatic  Granules. — Max  Neisser  has  pointed 
out  tliat  the  occurrence  of  metachromatic  granules  permits 
the  differentiation  of  the  diphtheria  bacillus  from  many 
related  forms.  According  to  Neisser,  cultures  are  employed 
which  are  made  upon  Liiffler's  scrum  and  kept  at  35°  (not 
warmer)  for  nine  to  twenty  hours  (in  older  cultures  the 
granules  disappear  in  part).  The  dried  preparation  is 
stained  for  one  to  three  seconds  (Auckenthaler  found  ten 
to  fifteen  seconds  to  he  often  better)  with  acetic  acid  methyl- 
ene-blue  solution  (Technical  Appendix),  washed  in  water 
(tap-water  should  only  be  used  if  it  does  not  contain  much 
free  CO,),  and  then  counter-stained  three  to  five  scconda 
with  a  weak  solution  of  Bismarck  browji  (Technical 
Appendix).  There  is  then  observed  a  blue  granule  at  one 
or  often  at  both  ends  in  a  majority  of  the  brown-stained 
bacilli ;  not  infrequently  there  are  more  than  two  such 
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granules  (60,  x,  xi).  Nevertheless  viralent  di^ 
bacilli  without  graaules  occur,  although  very  rarely  (i 
KuTtb,  I.  c).  fio  that  a  lack  ol  the  granules  does  i 
exclade  the  diafmosis  of  diphtheria.     (.See  also  p.  402.) 

Relation  to  Oxygen. — Optiaium  growth  with  enlraDce 
of  air  ;  when  oxyg'-n  is  eieludwi.  the  growth  is  lessened. 
Requirements  as  Regards  Temperature,  Reaction, 
and  Composition  of  the  Nutrient  Hedium. — It  growa 
well  and  abundantly  at  incubator  temperature  only. 
Optimum  temperature  33°  to  37*;  estrenies,  about  18*-20° 
and  40°.  Glycerin-agar  is  more  favorable  for  its  growth 
than  ordinary  agnr,  but  serum  or  ascitic  nutrient  medium 
are  much  better.  Loffler'a  blood-serum  mixture  is  much 
used  (Techni<»i  Appendix) ;  also  Tochtermann's  and 
Deyke's  nutrient  media  are  highly  recommended  (Techni- 
cal Appendix).  Since  wc  have  used  glyoerin-ascites-agar 
almost  exclusively  instead  of  glycerin-agar,  we  have 
obtained  excellent  results,  but  one  must  become  accus- 
tomed to  the  relatively  luxuriant  appearance  of  the  growth. 
Upon  gelatin  at  22''-24°  the  growUi  is  so  atieolutely  with- 
out characteristics  (no  liquefaction),  and  so  scanty,  that 
such  cultures  are  never  prepared. 

Gelatin   Stab. — Along  the  etah  canal  only  a  slight 
growth.     The  surfjiee  growth  is  yellowish-white,  a  little 
elevated,  with  a  smooth  wavy  border  and  in  part  lobulated. 
It  is  faintly  shining. 
Glycerin-agar  Plates. — (a)  Naturtd  size:  Circular  oi 
L  roundish  colonies,  white  to  dirty  yellow.     The  border  ii 
tnooth,  they  are  more  or  less  elevated,  and  with  a  moiat 
r  faint  luster.     Many  cultures  present  more  luxuriant! 
1(58,  vn  a)  and  many  more  delicate  growths  (58,  vu  ft). 
I      (ft)  Ma</n{Jied  sixty  times :  The  colonies  presenttheirchar* 
I  acteristic  form  after  twenty-four  hours  at  37°.     They  are 
r.BQall,  roundish,  usually  exceedingly  transparent  colonies 
r  d  ft  grayish-yellow  or  brownish  color.     At  the  periphery 
[  they  are  usually  split  or  torn,  and  almost  without  excep- 
tion are  markedly  crumbly.     Many  colonies  appear  at  the 
periphery  as  it  raveled  out.     Still,  according  to  the  cul- 
ture, they  are  thinner  or  thicker,  lighter  or  darker,  coarsely 
or  finely  granular  (59,  i  a  and  b).     After  two  days  the 
ooloiuee  an  thicker,  somewhat  irregular  at  the  peripheral,, 
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and,  wheu  magnified  a  little  more  higlily,  distinct  single 
rods  are  seen  to  project  at  the  edge.  The  center  is  opaque 
yellowish- brown  (59,  ii  a  and  6).  In  still  older  cultures 
dark  irr^ular  spots  occur,  the  colonies  become  yet  more 
crumbly,  the  periphery  more  torn,  and  the  inner  part 
more  opaque  (59,  ni).  Colonies  occur,  however,  espe- 
cially upon  better  nutrient  media  (ascites-glycerin-agar), 
which  are  rounder,  thicker,  and  therefore  more  opaque 
from  the  first,  and  finely  granular  (59,  vi  a  and  b).  After 
a  longer  time  such  luxuriant  colonies  resemble  perfectly 
those  of  cocci  or  sarcinae  (59,  vn).  Also  all  the  other 
forms  reproduced  in  Plate  59  may  occur  as  they  are  found 
in  closely  related  non-pathogenic  forms. 

Glycerin-agar  Streak. — The  same  may  be  said  of  it  as 
of  the  growth  upon  glyeerin-agar  plates.  There  occur  alao 
here  more  luxuriant  and  more  delicate  forms  (58,  i  and 
II),  Especially  upon  glycerin-aecites-agar  the  cultures 
are  sometimes  so  luxuriant  that  they  resemble  those  of  the 
Bact.  coli  or  micrococci.  (Compare  58,  iii  and  iv.)  In 
many  cases  after  two  to  six  weeks  the  agar  shows  a  brown 
discoloration. 

Blood-agar  Streak. — ^Very  good  growth. 


Serum  Culture. — Ltiffler'a  coagulated  blood-serum 
mixture  is  often  employed  for  cultures.  It  consists  of  the 
serum  of  calves  or  sheep  (or  slightly  alkaUnized  serum  of 
cows)  to  which  is  added  one-third  its  volume  >  of  neutral 
veal  bouillon  (containing  1  %  peptone,  1  fc  grape-sugar, 
and  0.5  5{>  sodium  chlorid).  We  find  this  nutrient  medium 
to  possess  about  the  same  advantages  as  glycerin -ascites- 
agar. 

Bouillon. — After  twenty  hours  a  cloud  is  deposited, 
either  in  the  form  o(  fine,  dust-like  granules  upon  the 
sides  and  bottom  of  the  tube,  or  (and  what  most  authors 
give  as  most  frequent,  but  Escherich  only  seldom  found 
in  Gratz)  fine  flocculi  form,  which  are  easily  precipitated, 
and,  upon  shaking,  rise  again.     Both  types  are  connected 

a  order  to  insure 
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by  transition  forms.  Young  cultures  usually  present 
delicate,  old  ones  thick  pelliclee. 

Alkaline  bouillon  first  becomes  acid,  then  alkaline 
again,  the  latter  cliange  being  favored  by  passing  air 
through  it.  (See  Chemical  Activities.)  The  diphtheria 
bacilli  grow  poorly  upon  bouillon  wliich  has  been  long 
stored,  and  in  such  a  case  the  nutrient  value  is  increased 
by  boiling  it  (Escberich). 

Milk. — Luxuriant  growth  usually  occurs  without  coagu- 
lation. They  live  a  long  time.  Reaction  amphoteric 
According  to  Schottelina,  this  is  especially  true  of  raw 
milk,  cooked  milk  being  much  less  favorable  (C.  B.  xx, 
897). 

Potato. — Upon  acid  potato  very  poorly  or  not  at  all; 
upon  alkaline  potato  after  eight  to  fourteen  days,  a  very 
scanty  growth.  It  appears  only  as  a  delicate,  shining, 
sharply  limited  veil,  which  sometimes  may  be  lifted  with 
a  platiimm  needle.  A  more  luxuriant  growth  of  the 
diphtheria  bacillus  upon  potato  occurs,  although  only 
rarely  (58,  ix). 

Special  Nutrient  Media.-'In  non-albaminona  urine  (Gainodut) 
nbich  h»a  hcon  i<U;rili«d  and  reniteml  fniiitlj  alknline  the  diphtheria 
baoillns  grows  slowly,  but  it  is  patbogeaic.  SohloSer  (C.  B.  xiv,  657) 
reoomnirnds  nriue-agar  (a  meat  infusion-peptone  a^^i^ — is  mixed 
with  fresb,  sterile  tuine].  According  ta  Oomaleu,  ft  good  natrient 
niedlniii  contains  glycerin,  40  pArts;  ment  extract,  6  ports;  sodium 
chlorid,  5  parts;  nnd  water,  inoo. 

Spore -format  ion  does  not  occur. 

Viability. — (n)  In  the  iwdy:  It  is  found  in  the  throat 
lur  weeks  or  even  for  two  months  after  convalescence  from 
dipbtheria  in  many  cases  (Loffler,  Abel). 

(6)  In  niUiira :  It  kept  rool  and  in  the  dark,  for  from 
BIX  mouths  to  one  and  one-halt  yeara.  In  the  incubator 
they  usually  die  after  one  to  three  mouths  because  of 
dicing.  In  well-closed  bouillon  cultures  they  remcun 
alive  also  in  the  incubator  for  one  year  or  longer. 

(r. }  In  water  and  foot!* :  See  Montefusco  (C.  B.  xxi,  352). 

Resistance  to :  (a)  Dnjiru/ :  Very  considerable.  Pure 
cultures  im  silk  threads  in  the  room  remain  alive  three  or 
four  weeks,  and  under  favorable  conditions  for  months. 
Jn  dried  diphllieria  membranes  they  live  ae  long  as  three 
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monthB.  Even  when  dried  so  that  it  may  he  pulverized 
into  duBt,  the  bacteria  remain  aUve  and  infectious  (Ger- 
mano). 

(6)  Moist  heat:  They  are  rapidly  killed  at  60°,  and  in  a 
few  hours  at  50°. 

(c)  Cbld :  When  dried,  many  individuals  bear  the  cold 
of  the  German  winter  for  two  and  one-half  months  with- 
out reduction  of  virulence  (Abel);  according  to  Kasansky, 
cultures  endure  the  Russian  winter  for  mouths. 

(d)  lAght :  While  germs  suepended  in  water  are  destroyed 
in  a  few  hours  (two  to  eight  hours)  by  direct  sunlight, 
agar  and  especially  bouillon  cultures  stand  the  sunlight 
for  six  hours  very  well. 

Chemical  Activities. — (a)  Formation  of  ga»  and  acids 
from.  caThohydrole» :  From  grape-sugar,  even  from  the 
minute  quantity  found  in  ordinary  bouillon,  easily  demon- 
strable acid  is  produced;  also  similarly  from  glycerin. 

The  increase  of  acid  produced  by  typical  diphtheria 
cultures  in  5  c.c.  of  non-saccharine  bouillon  after  twenty 
hours  usually  amounts  to  1.2—1.5  c.c.  of  1  :40  normal 
sodium  hydroxid;  after  forty  hours,  2.5-3.0  c.c,  phenol- 
phthalein  being  naed  as  indicator.  In  1%  sugar  bouillon 
we  found  about  twice  as  much  acid  formed  :  i.  e.,  2.6-3.8 
in  twenty  hours  and  about  6.0  in  forty  hours.  Kurth, 
like  Spronck,  proposes  that  O.S^fc  grape-sugar  be  always 
added  to  bouUlon,  eiuce  he  often  obtained  bouillon  which 
contained  too  little  sugar. 

(b  and  c)  Production  of  H^  is  slight.  Indol  is  always 
produced. 

(rf)  In  older  cultures  there  is  some  nitrite,  so  that  the 
"cholera-red  reaction"  is  obtained  with  sulphuric  acid 
alone  (Palmirski  and  Orlowski). 

(e)  Chromogtmgit :  Rarely  there  occur  yellow  to  red 
cultures,     (Zupnik,  Frankel.     Seep.  405.) 

(/)  Thxim:  Old  bouillon  cultures  filtered  through  clay 
produce  symptoms  identical  with  those  following  inocula- 
tion of  the  diphtheria  bacillus  itself  '  (  Roux  and  Yersin). 

'  Tlio  fibrinous  emdote  alone  is  Inoking  at  the  plat*  of  inoculation. 
Ofti'n  there  occure  albaniinurin,  diHrrhea,  and  very  irrepjlar  action  of 
the  heart.  Dnrinjf  the  c«arBe  'ir  afttr  the  disappearance  of  the  ncote 
Bymptoms  paralysea  occur,  eapeciallj  in  the  more  reaiBlont  aniinalH: 
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According  to  Dungereii,  especially  active  toslns  are  ob-  ' 
tallied  by  the  addition  of  ascitic  fluid  to  bouillon  (C, 
B.  XIX,  137).  The  addition  of  eiigar  to  bouillon  is  to  be 
avoided  (Sprouck,  A.  P.,  1895,  758).  So  long  as  bouillon 
cultures  are  of  acid  reaction  they  contain  no  toxin  ;  usu- 
ally the  toxic  action  corresponds  to  the  increase  in  alka- 
linity (Hilbert,  Z.  H.  XXIX,  157),  but  not  always  (Mad- 
sen,  Z.  H.  XXVI,  157).  According  to  Koux  and  Martin, 
the  formation  of  toxin  is  favoretl  by  tlie  entrance  of  oxygen 
(large  surface  of  liouilloii).  Regarding  this  point,  see 
also  Hellstriim  (C.  B.  xxv,  217). 

The  toxins  are  precipitated  by  alcohol,  and  are  scarcely 
at  all  dialyzable.  Precipitate  of  calcium  phosphate 
(from  the  addition  of  calcium  chlorid  to  bouillon)  carry 
-  Uiem  down  also.  Temperatures  above  60°  rapidly  reduce 
the  toxicity.  With  alcohol  and  vacuum  apparatus  the 
toxins  may  be  obtained  as  a  powder.  Toxins  are  produced 
not  only  upon  albuminous,  but  also  upon  non-ulbuminous 
nutrient  media,  alkaline  urine  (Guinochet),  and  Uschin- 
eky's  nutrient  medium  (p.  75).  According  to  H.  Kossel, 
the  diphtheria  toxin  is  formed  in  the  bodies  of  the  niicro- 
oi^aniams  and  at  once  secreted  (C.  B.  xix,  977), 

The  bodies  of  the  bacteria  contain  no  large  quantity  of 
toxin.  Regarding  the  chemistry  of  the  toxins,  see  page  73; 
also,  regarding  their  resistance  and  other  properties,  see 
Fermi  (C.  B.  xv,  303).  For  the  most  recently  advanced 
division  of  the  diphtheria  toxins  by  Ehrlich — prototoxoid, 
syntoxoid,  epitoxoid — the  original  article  must  be  consulted 
(Deut.  med.  Wochenschr.,  1898,  597).  In  distinction  to 
tetanus,  the  emulsion  of  the  brain  and  spinal  cord  of  sue- 
ceptiblo  animals  has  no  autitoxic  action  against  diph- 
theria toxin  (Bontstein,  Aronson). 

Distribution. —  («)  Outside  the  body :  U))on  things  used 
by  the  diphtheria  patient  (linen,  brushes,  playlhings,  walla 
and  floor  of  room).    On  the  hair  of  nurses.    The  air  never 

mbbits,  piueons,  doga,  cats,  rarely  Rainea-pifcs.  Mort  chaiaDteriatia 
are  tbe  paralysia  whicli  Brat  appear  nfler  npparent  rvooxay  of  tlio 
wiiiiuti  from  the  acate  nymptomn  nf  intoxication  ( ivMt-diphdieritio 
paniljsefl).  Tbi'  suNtcptibiliCy  of  animalit  to  the  iliplilherU  poiBon  ia  i 
mtioh  increotml  hy  hunger,  enhaiution,  etc.  (ValuKuau  uid  Rjuwl- 
letti,  C.  B.  XIiV,  752). 
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contains  living  diphtheria  bacilli  (except  from  a  moment- 
ary contamination  by  the  coughing  ot  the  patient — Fliigge). 

(6)  In  healilii/  bmly :  Sometiraee  found  in  the  mouth  and 
nasal  cavities,  also  in  the  conjunctival  eac  of  healthy  per- 
sons, especially  in  those  coming  in  contact  with  diphtheria 
cases.  In  a  diphtheria  epidemic  in  a  barracks,  Aaser 
found  diphtheria  bacilli  in  the  throats  of  19  ^fe  of  the  occu- 
pants who  were  healthy. 

(c)  In  diseased  kumun  orgttnism:  Are  found  without  ex- 
ception on  the  outer  side  (the  side  toward  the  cavity  of 
the  mouth)  of  the  diphtheritic  membranes^  of  recently 
affected  men,  and  with  more  difficulty  and  leas  regularly 
in  chronic  cases. 

Principal  localimtiom ;  Throat,  nose,  larynx,  trachea ; 
more  rarely,  stomach,  defects  in  skin  and  muscle  (wounds), 
and  vagina. 

The  wide-spread  assumption  that  the  diphtheria  bacilli 
are  to  be  found  only  at  the  local  seat  of  diseafie  is  un- 
founded. Lately  they  have  been  found  rather  frequently 
(also  in  man)  in  the  blood  and  internal  organs,  especially 
the  spleen  and  kidney  (Frosch,  Z.  H.  xiii,  49;  Nowak, 
C.  B.  xjx,  982).  Recently  also  rhinitis  fibrinosa,  conjunc- 
tivitis crouposa  (severe  and  very  mild  forms),  and  many 
middle-ear  suppurations  have  been  traced  to  the  diph- 
theria bacillus. 

Almost  regularly  the  Streptococcus   pyogenes  accom- 

f)anies  the  diphtheria  bacillus  (Loffler)  and  in  the  patho- 
ogic  proeesa  plays  a  synergistic  rfile. 

Regarding  the  significance  of  mixed  infection,  Bernheiin 
has  ascertained : 

1.  The  metabolic  products  of  the  streptococci  favor  tha 
growth  of  diphtheria  bacilli  and  increase  the  virulence ; 
also  the  production  of  toxin  by  the  diphtheria  bacillus  is 
increased  (Hilbert,  Z.  H.  xxix,  157). 

'  Diphtheritid  angina  also  occara  nithoat  formation  of  membrane. 
On  the  other  hand,  not  rarely  clinical  "  diphtheria  cawni,"  iu  spite  of 
a  perf«tl,v  typical  Incai  symptom-complex,  present  no  diphtheria 
bacilli  (aooonUu);  to  Eauherioli,  in  Gratz  abont  25;^).  A  oumlwr  of 
other  orgnniams  ( for  example,  streptococci }  can  canae  the  symptoms  ot 
diphtheria  of  munma  memhranea.  The  mortality  in  these  caaea  is 
minimal.  Also  "  nonnd  diphtheria  "  may  depend  upon  alreptooocci 
or  Boct.  ooli. 
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2.  Mixed  infection  with  streptococci  and  diphtheria 
bacilli  is  more  dangerous  for  tlie  animal  than  pure  diph- 
tiieria  infection. 

Nevertheless  the  diphtheria  bacillus  alone  may  undoubt- 
edly produce  all  the  clinical  symptoina  of  eepais  (Gcner- 
eich). 

(rf)  In  animtds :  Certain  spontaneous  disease  produced 
by  LfifHer's  bacillus  has  never  been  observed  in  any  ani- 
mal. The  susceptible  guinea-pig  is  immune  to  the  diph- 
theria bacillus  introduced  by  feeding,  by  inhalation,  or 
by  Bwabbing.  Spontaneous  disease  (diphtheric  broncho- 
pneumonia) is  said  to  occur  in  cat*  (E.  Klein,  C.  B.  viii, 
7).  Klein  claims  also  to  have  observed  spontaneous  diph- 
theria in  milk  cows,  in  which,  moreover,  the  diphtheria 
bacilli  escaped  in  the  milk. 

The  spontaneous  diphtherias  of  hens,  pigeons,'  and 
calves  always  (?)  have  other  causes.  (Compare  Loffler, 
Mitt.  G.  A.  n;  Ritter,  H.  R.,  1896,  839). 

Still,  certain  of  the  causes  of  "animal  diphtheria" 
appear  to  be  transferred  to  man.  Consult  the  well-known 
observation  of  Gerhard  (II.  Konj;.  f,  innere  Med,),  and 
also  GaUi-Valerio  (C.  B.  xxii,  ■'lOO:  t-xtensive  critical 
review  of  literature). 

Experimental  Observations  Regarding  Pathogenic 
Effects. — (a)  UponnnitnaU:  Tin;  virulonce  of  freshly  iso- 
lated cultures  varies  grcitly;  in  general,  severe  cases  fur- 
nish virulent  cultures  and  mild  ones  cultures  with  slight 
virulence;  still,  there  are  exceptions,  Experimental  and 
occidental  (cultural)  attenuation  is  often  oliserved.  Roux 
and  Yersin  assert  that  there  occurs  a  regular,  striking  re- 
duction of  virulence  in  the  last  few  diphtheria  bacilli 
demonstrable  during  convalescence.  It  was  not  found  «o 
by  Escherich,  and  still  other  writers  cultivated  virulent 
bacilli  from  eonvuleseents  long  after  the  clinical  symptoms 
disappeared.     A  good  standard  for  the  virulence  of  a  ciil- 


*  QalIeK  claims  to  liave  ponitively  ilpmimstralad  in  Bclgiam  thi 
tNaidua  thi'  "  fowl  diphtherin,"  vrhich  has  nntliinti  to  do  wlUi  hnnu 
ia,  there  is  alma  "row!  KluDdm,"  which  JHCHUBed  bv  at 
BBt'a  baoiili  (H.  R.,  1698,  vi,  472). 
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ture '  consists  in  the  toxicity  ol  the  filtrate  of  a  culture  of 
a  certain  age. 

In  the  interest  of  raj>id  work,  Escherich  recommends 
for  the  estimation  of  virulence  a  statement  of  tlie  quan- 
tity, expressed  in  percentage  of  the  body-weight,  of  feebly 
alkaline  twenty-four  hours'  bouillon  culture  which  just 
suffices,  when  introduced  subcutaneously,  to  kill  a  guinea- 
pig  with  acute  diphtheria.  With  1.5  c.c  =  0,5^  of  the 
body-weight,  Escherich  never  obtained  a  negative  result; 
with  his  most  virulent  cultures,  0.1  to  0.3  c.c, — i.  e., 
about  0.05% — sufficed.  Aronsohn  has  cultivated  still 
more  virulent  bacteria,  of  which  Q.Q'ifo  to  0.0255??  **' 
bouillon  filtrate  wob  certainly  fatal. 

Also,  for  infection  experiments  *  the  best  animal  for  use 
is  the  guinea-pig.  Death  is  caused  by  0.02  c.c.  of  a  viru- 
lent culture  in  two  days;  by  0.01  c.c.  in  three  or  four  days. 
U8ually0.5  to  1  c.c.  is  injected.  About  twenty-tour  hours 
after  the  subcutaneous  injection  the  following  picture 
develops:  The  animal  is  weak,  without  appetit*,  thehair 
bristling,  snout  cold  and  bluish,  respiration  very  harsh. 
There  is  infiltration  at  the  place  of  injection,  and  often 
also  tor  some  distance  beyond  Death  occurs  after  twenty- 
four  to  sixty  hours.  There  may  be  entire  absence  of 
special  symptoms  of  disease  except  loss  of  weight. 

Autapgy:  At  the  point  of  injection  a  whitish  infiltration 
eurroundLHi  by  hemorrhagic  edema,  and,  in  chronic  cases, 
callosities  discolored  by  hemorrhage.  The  most  important 
changes  in  the  internal  organs  are:  Suprarenal  capsules 
hyperemic;  exudate  into  pleura,  often  also  into  pericar- 
dium; spleen  unchanged;  often  parenchymatous  nephritis 
and  myocarditis.  Tlie  upper  part  of  the  intestine  is  red- 
dened. Escherich  observed  cultures  with  which  the  in- 
oculation  was   never  followed   by   pleural  exudate.     In 

*  See  De  Martini  (C.  B.  xxiv,  430)  regarding  oocoHionol  diaoreptm- 
■s  of  toxin  Tonnatiou  and  infect iouenem  iu  the  mnie  ciiitnre. 
'  In  order  to  recognize  diphtheria  bacilli  of  donbtfnl  and  very 
Blight  vimlenoe  ob  slill  vinilcnt,  Trampp  injects  them  BimiiltiilieoiiRly 
witJi  a  Biiblethni  dose  uf  diphtheria  toxin.  The  animal  mnfil  die,  in 
CDDtraat  to  a  control  nninial,  and  with  reinocnlation  of  definite  ijiian- 
titiea  into  new  animals  the  virulence  Tiinst  conHtantly  inorease,  so  thai 
finally  the  inornlnfed  unimals  die  Trithout  any  additional  diphtheria 
toxin  (C.  B.  XX,  721). 
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these  experiments  an  increase  of  the  bacteria  occ lire  almost 
exclusively  locally,  and  only  rarely  can  they  be  cultivated 
from  the  internal  organs. 

Sobchronic  and  chronic  cases  (death  sometimes  occur- 
ring only  after  months)  present  changes  in  the  internal 
o^ans  which  arc  less  marked,  or  no  alterations  at  all  are 
found.  At  tlie  point  of  injection  all  changes  may  be  lack- 
ing or  ulcers  may  follow  necrosis  of  the  skin.  The  animals 
are  always  emaciated  and  very  much  reduced  in  weight 
Escherich  never  saw  postdiphtheritic  paralysis  in  experi- 
mental animals;  other  authors  have  occasionally. 

Rabbits  are  much  more  resistant  to  subcutaneous  inocu- 
lation than  guinea-pigs;  white  mice  and  mis  are  almost 
immune.  On  the  contrary,  cats,  dogs,  and  cows  are  sus- 
ceptible. Of  birds,  young  pigeons  and  small  birds 
(finch,  siskin,  etc.)  are  especially  susceptible;  liens  lees, 
and  only  when  young. 

Diphtheritic  diseases  of  mucous  membranes  analogous 
to  those  observed  in  human  diphtheria  may  be  produced 
by  rubbing  diphtheria  bacilli  into  the  slightly  injured  (not 
the  uninjured)  mucous  membrane  of  the  trachea  and  con- 
jvmctiva  of  rabbita,  of  the  throat  of  monkeys,  of  the 
throat  and  larynx  of  pigeons  and  hens.  The  disease  pro- 
cess and  membrane  formation  remains  Iol'aI.  The  best 
results  follow  inoculations  i^on  the  vaginal  mucous  mem- 
brane of  guinea-pigs  (LolHer):  If  one  pulls  apart  the 
vagina,  which  is  aJwaya  feebly  adherent,  and  places  a  pin- 
head-sized  quantity  of  diphtheria  bacilli  upon  the  mucous 
membrane,  which  has  always  received  a  minimal  injury 
in  the  manipulation  of  separation,  on  the  following  day 
there  is  marked  redness  and  hyperemia,  and  after  forty- 
eight  houre  the  formation  of  a  thin,  closely  adherent  cover- 
ing can  be  demonstrated.  This  infection  may  terminate 
in  recovery  or  death. 

Roger  and  Bayeux  produced,  by  Uie  injection  of  ^  to  1 
drop  of  diphtlieria  poison  into  the  trachea  of  rabbits,  beau- 
tiful diphtheritic  membranes,  while  guinea-pigs  die  too 
soon  for  it  to  appear. 

(6)  In  man  there  have  been  no  experiments. 

Immunization. — Animals  may  be  immunized  s 
diphtheria  bacilli: 


ts.  I 

lized  agauuAji^H 
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1.  By  tre'ating  first  with  slightly  virulent  and  later  with 
highly  virulent  cultures  of  diphtheria  bacilli. 

2.  By  the  injection  of  diphtheria  toxins  in  small  quan- 
tities or  toxins  partially  weakened  by  heat,  and  following 
with  larger  quantities.  Tiiis  is  repeated  with  increasing 
doses. 

3.  By  injection  of  aerum  from  an  animal  immunized 
against  diphtheria. 

Also,  in  man,  prophylactic  injection  of  immune  serum 
has  been  employed  when  there  was  danger  of  diphtheria, 
in  part  with  very  good  results.  See,  for  example,  Slawyk 
(C.  B.  XXIV,  396).  Regarding  the  almost  universaUy 
acknowledged  success  of  the  antitoxin  injection  for  thera< 
peiitic  purposes  in  cases  of  disease,  it  is  not  necessary  to 
enter  into  details  here. 

Special  Diagnosis  of  the  Coryn.  DiphthcriEc.' — 
From  the  suspected  mateiial  the  following  smear  prepara- 
tions are  made : 

1.  Staining  with  methylene- blue  or  dilute  fuchsin  with 
a  little  warmth. 

2.  A  preparation  stained  by  Gram's  method  often  pre- 
sents the  diphtheria  bacilli  more  plainly,  since  the  con- 
taminating bacteria  are  in  part  unstained. 

3.  Granule  staining  by  Neisser's  method. 

It  there  are  found,  in  this  Tvay,  abundant  and  especially 
long  forms  stained  in  segments  with  characteristic  cross 
arrangement  and  many  granules,  then  the  diagnosis  of 
di]>htheria  is  to  be  considered  as  very  probable. 

To  render  the  diagnosis  more  secure,  delicate  smear  in- 
oculations are  made  upon  ascites-agar,  by  drawing  the 
needle  five  or  six  times  in  succession  over  fresh  patt8  of 
the  nutrient  medium.  The  cultures  thus  obtained  corre- 
spond either  to  the  typical  picture  of  the  diphtheria  bacil- 
lus, with  its  growth  of  moileratc  intensity,  or  we  obtain 
meager  "  xerosis-like  "  or  luxuriant  "  pseud odiphtheria- 
like ' '  cultures, 

'Bnmo  (Berl.  klin.  Wochensohr,,  1996, 1127}  attempts  to  make 
naenf  seruia  diagnosis  here  also,  Diplitlirria  Eenim  produoed  of^Inti- 
nation  of  certAin  diphtheria  onltaree,  bnt  not  all.  It  tvus  not  eafiiuient 
to  separate  diphlheria  and  pseudodipbtheria. 
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Tbey  are  than  teetod  further  as  follows: 

4.  Staining  of  granules  in  twenty  hours'  serum  cultures 
according  to  the  method  of  Neisser,  This  is  very  highly 
recommended  by  C.  Frankel  (Berl.  klin.  Wochenschr. , 
1897,  1087). 

5.  Titration  of  the  acid  formed  in  5  c.c,  of  non- 
saccharine  bouillon  in  twenty  and  forty  hours.  If  not 
lees  than  0.7  and  not  more  than  1.2-1.5  c.c.  of  1:40  normal 
alkali  solution  is  required  for  neutralization,  this  speaks 
in  favor  of  diphtheria.  It  is  recommended  that  a  parallel 
observation  be  made  with  known  diphtheria  bacilli  in 
order  to  see  whether  a  casual  absence  of  acid  production 
does  not  depend  upon  the  constitution  of  the  bouillon. 
(Seep.  395.3 

6.  Animal  experiment:  If  the  injection  of  1  c.c.  of  a 
twenty-four  hours'  bouillon  culture  produces  the  charac- 
teristic aymptonis  and  death  in  about  forty-eight  hours 
(see  p.  399),  the  diagnosis  of  diphtheria  appears  certain. 
With  lessened  virulence  only  slight  local  symptoms  occur, 
and  eventually  only  death  from  marasmus.     (See  p.  404. ) 

7.  Demonstration  of  the  protective  action  of  antitoxin 
against  the  infection  in  especially  difficult  or  uncertain 
cases. 

By  following  this  scheme,  a  typical  diphtheria  bacillus 
is  easily  diagnosed,  usually  only  tlie  means  given  In  1  to 
4,  and  perhaps  also  5,  ore  required. 

However,  there  occur  in  the  mouth  in  cases  of  diph- 
theria, besides  diphtheria  bacilli  which  are  typical  in 
every  way,  also  most  numerous  variations.  See,  eepecially 
Kurth  (1  H.  XXVIII,  409). 

1.  Non-virulent  D.  B. ,  typical  in  all  morphologic  and 
biologic  peculiarities.  Kurth  found  3  non-virulent  out  of 
39  typical  cultures. 

2.  Virulent  D.  B.,  typical  in  everything,  except  tliat 
they  exhibit  no  granule  staining  (Neisscr  found  3  without 
granules  out  of  39  typical  cultures).  We  found  a  form 
with  verj'  slight  production  of  granules.  This  group 
passes  over  into  the  following. 

3.  Virulent  D.  B.,  typical  in  every  way,  but  without 
the  usual  acid  production.  We  found  1  out  of  4  cultures 
examined. 
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4.  Vimient  D.  B.,  tj-pical  in  every  way,  but  with  very 
little  tendency  to  the  formation  of  longer  forms. 

5.  Virulent  D.  B.,  typical  in  every  way,  hut  with  such 
luxuriant  growths  upon  glycerin-agar  and  potato  that  they 
cannot  he  distinguished  macroscopically  from  the  Coryne- 
hacterium  pseud odiphtheriticum. 

In  other  words,  we  speak  of  a  true  diphtheria  bacillus 
whenever  a  bacillus  stains  in  segraenta  and  presents  a  dis- 
tinct, specific  jjathogenic  action,  without  t-aking  much  ac- 
count as  to  whether  it  corresponds  exactly  in  one  of  the 
peculiarities  of  length,  granule  staining,  appearance  of 
cultures,  and  production  of  acid  as  given  in  the  scheme 
for  the  diphtheria  bacillus.  Even  if  several  of  these  pecu- 
liarities are  found  to  differ  from  those  in  the  scheme  for 
the  diphtheria  bacillus,  still  a  typically  pathogenic  organ- 
ism remains  for  us  a  Co ryne bacterium  diphtheriie,  for  clin- 
icians have  formed  this  species,  and  the  single  pathogenic 
property  appears  so  characteristic  that  we  may  build  a 
differential  diagnosis  upon  it  alone. 

It  is  much  more  difficult,  if  pathogenesis  fails,  to  pro- 
nounce regarding  the  relationship  to  the  true  diphtheria 
bacillus.  If  all  the  morphologic  and  biologic  peculiar- 
ities are  present  which  belong  to  the  true  diphtheria 
bacillus,  and  the  pathogenic  property  only  is  lacking,  then 
it  is  safe  to  decide  that  one  is  dealing  with  a  non-virulent, 
true  diphtheria  bacillus. 

It  is  more  uncertain  if,  besides  the  virulence,  still  other 
peculiarities  fail;  for  example,  the  production  of  acid- 
Here  the  decision  is  doubtful,  and  the  uncertainty  in- 
creaees  the  more  peculiarities  are  simultaneously  lacking 
— the  more  the  organism  approaches  what  are  now  cus- 
tomarily called  "  bacteria  resembling  diphtheria."  We 
have  devoted  the  following  section  to  these. 

The  Pseudodiphtheria  Bacilli  of  Writers. 

Organisms  resembling  those  of  diphtheria,  but  not  viru- 
lent, are  found  in  great  numbers  in  the  mouths  of  diph- 
theritic and  healthy  persons,  in  the  conjunctival  sacs  of 
healthy  and  diseased  eyes,  etc. '    Proof  baa  not  been  fur- 
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ninhed  tliat  these  organistns,  which  iii  their  extreme  forms 
differ  widely  from  the  diplitheria  bacillus,  arc  connected 
with  it  genetically.  Therefore  there  are  no  essential  reaeons 
for  regarding  these  forms  simply  as  atypical  diphtheria 
bacilli  in  the  broader  sense. 

On  the  other  hand,  it  is  not  jioBsible  to  separate  them 
naturally  into  definite  varietiee  by  the  side  of  diphtheria 
bacilli,  any  more  than  this  is  possible  in  the  forms  of  the 
Bact.  coli  and  water  vibrios.  It  is  customary  at  present 
to  dispose  of  this  by  designating  the  luxuriantly,  succu- 
leiitly,  and  rapidly  growing  non-virulent  forms  as  Coryne- 
bact«riuin  pseud odiphtheriticum  ( Hotmann-Wellenhof ) 
Lehm.  and  Nciun.,  the  scantily  and  delicately  growing 
forms  as  Corynebacterium  xerosis  (Neisser)  Lehm.  and 
Neum. ,  and  the  other  non-vinilent  forms  •  are  pressed 
into  this  scheme  as  well  as  possible. 


scovered  bv^^ 


Corynebacterium  pseudodiphtherlticui 
L.  and  N. 

(Flutes  iW-tiO,  in  part.) 

I'fteudodiphtheria  bacillus  of  Liiffler.  Discovered  bj 
von  Hofmann-Wellenhof  in  1887.  Described  in  detail 
by  Escherich  (Aetiol.  der  epid.  Diphth. ),  Zamiko  (C.  B. 
VI,  153),  and  Prochaaka  (Z.  H.  xxi\',  373). 

Rods,  which  upon  serum  are  shorter  and  thicker  than 
true  diphtheria  bacilli,  show  less  often  a  tendency  to  fonn 
clubs  and  segments,  but  have  a  tendency  to  parallel  group- 
ing and  are  not  virulent  for  guinea-pigs  (Escherich).  Upon 
glycerin-agar  it  grows  not  alone  upon  the  inoculation  line, 
hut  ui  two  to  four  days  spreads  out  over  the  surface  of  the 
agar.  It  varies  from  milkv  white  to  dirty  yellowish  or  gray, 
is  succulent,  and  the  border  is  slightly  notched  (58,  in). 

SOT).  R.  O.  Nt^nniBDii  (not  yot  pDhliahcd)  toand  in  ever;  cue  of 
cataurfasl  cnid,  but  also  in  cvciy  hc&lth;  non^,  often  very  abnndant 
diphtheria-liku  or^anLmna,  mmettmra  Krowing  luxuriantly,  aometlnm 
deliCtttcly.  mostly  producing  a  little  arid  and  fcivinfc  only  slight 
grannlE  Mnining.    The  virDlenoc  baa  not  )H«n  invmtignteil, 

*  Tfaeae  torme  are  asnollj  not  entirely  non-vimlent.  C.  Fraofcel 
and  otben  have  se^n  anininla  die  with  niaiTLsmns  a  long  time  after  tfaa 
iniocticm  of  lar^  dmes  of  hnniUon  cnltare. 
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The,  glycerin- agar  plates  appear  eorrcBpoiidingly  luxuri- 
ant (58,  vni,  a) ;  when  magni  fied  sixty  times,  they  present 
dense,  granular,  dark  colonies  with  ragged  borders  and 
opaque  centers  (69,  iv,  o  and  b).  Upon  potato,  fairly 
abundant  white  growth.  It  is  dry,  elevatea,  lobulated, 
often  reeenibling  the  species  of  mycobacterium  and  actino- 
myces  (58,  x).  In  bouillon  the  acid  production  (ex- 
pressed in  1  :  40  normal  aliali  to  5  c.c.  of  bouillon), 
according  to  all  writers,  is  usually  very  slight  (i.  e.,  upon 
ordinary  Ijouillon  after  twenty  hours,  0.3-0.7;  after  forty 
hours,  not  more  than  1.2;  upon  sugar  bouillon  after 
twenty  hours,  O.B-1.4;  after  lorty  hours  as  much  as  1.3 
to2. !),  or  there  is  none  at  all.  After  two  to  four  days 
the  alkalinity  increases  perceptibly.  We  have  observed 
cultures,  nevertheless,  wliicli  produced  upon  sugar  bouillon 
in  forty  hours  as  much  as  3.2. 

Old  agar  tubes  often  exhibit  a  brownish-red  to  brown- 
ish-black discoloration. '  This  phenomenon  is  inconstant, 
but,  according  to  Eacherich,  is  never  prtrsent  in  diphtheria 
bacteria.  *  Upon  gelatin  there  occurs  a  luxuriant  growth, 
even  at  18";  bouillon  shows  a  more  rapidly  forming  tur- 
bidity and  a  denser  and  later  forming  sediment  than 
occurs  with  diphtheria  bacteria. 

In  Gratz,  v.  Hofniann  found  this  oi^anism  so  frequently 
(26  times  out  of  45  healthy  persons)  in  the  mouth  that 
he  considered  it  a  normal  inhabitant  of  the  mouth.  Other 
writers  found  it  much  more  infrequently.  Escberich 
never  found  it  in  healthy  persons  in  Gratz,  twice  in  100 
cases  of  diphtheria,  and  ten  times  in  association  with  other 
diseases  of  the  throat.  In  Wiirzburg  we  found  it  not 
infrequently  in  healthy  and  diseased  eyes  and  noses. 
Escberich  admits  the  possibility  that  this  organism  may 

'  An  or^nism,  obbiined  from  HonI,  of  Praftn^i  ^'bb  very  sirailar  in 
every  purticniar  (staining,  clabbin);,  bmnchlnfi;,  loxuriaDt  growth, 
slaining  well  by  Grani's  method),  bat  preeentcd  a  reddish  tint  in  all 
cultures,  espeeiully  intensely  (nme)  developed  in  the  snrlace  layer  of 
A  milk  culture.  We  have  cultivated  a  similM-  one  from  the  noae  with 
a  luxDriant  brownisli -yellow  growlli  (58,  v). 

'  We  obtained  a  1>rowniHh  color  of  Klycerin-uacites-agar  in  one  of 
onr  cultnres  in  ten  to  fourteen  days,  and  in  three  otherfi  after  a  longer 
time  (six  weeks),  E'or  Ote  onlturcs  we  ore  indebted  to  Dr.  8ilber- 
aahmidt  ( Ziirich). 
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sometimes  be  reoognized  aa  a  lorm  or  desceudant  of  the 
diphthi-ria  bacterium,  yet  it  was  impossible  h\  the  employ- 
ment of  moet  various  means  to  render  it  virulent,  not  even 
by  tbe  simultaneous  iujectton  of  streptococci. 

Importaut,  but  lacking  confirmation,  is  the  Btatement  ol 
Hewlett  and  Knight  that  they  have  succeeded  in  the  Lon- 
don Institute  of  Preventive  Medicine  in  converting  tha 
Hofmann-Wellenhof  organism  into  the  nrulent  diphtheria 
bacterium  by  passage  through  animals,  and  that  typical 
\Trulent  diphtheria  bacteria  may  be  changed  into  the  typi- 
cal Hofraann-Wellenhof  organisms  by  careful  heating 
(C.  B.  xxiii.  793). 

Corynebacterium  xerosis.     (Neisser  and  Kuscbbert.) 
L.  and  N. 

(Plates  58-00  in  part.) 
Xerosis  bacillus  of  Neisser  and  Kiisehbert, 
Grows  especially  in  short  forme,  yet  Heinersdorflf,  for 
example,  represents  a  number  which  differ  in  no  way  from 
dipbtlieria  bacteria,  and  we  have  also  often  observed  such 
forms.  According  to  all  writers,  the  growth  on  Loffler'a 
serum  is  dry  and  more  scanty  than  that  of  the  diphtheria 
bacterimn,  and  still  slower  upon  glycerin-agar  (58,  vili,  c). 
Upon  potato  no  growth  is  to  be  seen.  When  magnified 
sixty  times,  it  is  not  distinguishable  from  feebly  growing 
forms  of  Coryn.  diphtheriie  (60,  vni).  When  grown  on 
Loffler's  serum  at  So"  for  nine  to  twenty-four  hours,  there 
are  none,  or  only  a  few,  of  Neisser's  granules. '  Bouillon 
always  remains  clear,  and  acid  production  usually  is  absent: 
t,  e,,  at  most,  0.6  in  twenty  hours,  about  I.O  in  forty  hours; 
in  sugar  bouillon  in  twenty  hours,  0.6-1.6;  in  forty  hours 
usually  only  1-1.5,  bill  may  be  as  much  as  3.2.  In 
numerous  cultures  from  the  eye  and  nose  we  usually 
observe<l  slight  acid  production  parallel  with  the  limited  ■ 
growth,  but  sometimes,  in  spite  of  this,  well-marked 
granule  staining.  Pathogenesis  is  lacking,  according  to  all 
writers,  and  the  organism  appears  to  only  accompany  and 
not  cause  the  xerosis  proceaeee  in  tlie  eye  which  are  aocora- 
1  Not  intreqDcntIr  ne  tonod  distinct  granale  staining,  aim  iu  non- 
virulent  ooltiuu  wbioh  prodiuvd  no  acid  nod  wboae  growth*  wen  dij 
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panied  by  atrophy  of  tlie  conjunctiva.  The  statement  of 
Spronk  (Deut.  nied.  Wocliensehr. ,  1896,  571)  that  a  dil- 
ferontiation  from  diphtheria  bacteria  is  possible  from  th« 
absence  of  effect  of  diphtheria  antitosin  against  the  Coryn. 
xerosis  is  doubted  by  most  autliors,  especially  since  no 
pathogenic  action  is  observed  in  the  latt4?r  (for  example, 
Heinersdorff,  Archiv.  f.  Oph.,  Bd.  46,  p.  1), 

Knrth  found  in  one-fiftli  of  tnie  dipbtherju  cases  forms,  probablj 
hclonipng  here,  which  were  abaolulelj  non-vimlent  (Bno.  pseado- 
diphtheriticus  alkalifnciens,  Kui-th),  and  alao  three  (omis  whiuli  pn>- 
diioed  Bcid  bh  nolively  as  the  tme  diphtheria  bacteria  (Bac.  pseudo- 
diphtheriticns  acidumfacieuaj.  Gelpke  (see  below)  Fouad  in  his  cul- 
tures (in  all?)  Icseaoid  production  in  ordinary  bouillon,  nev(^rtheleB■ 
much  greater  iDitlal  acid  production  in  grape-sngar  bouillon  than  with 
diphtheria  bacteria. 

Gelpke  (Bact.  septatum,  etc.,  Karlsruhe,  1898)  has 
recently  regularly  isolated  an  organism  as  the  cause  of 
"catarrhal  swelling,"  which  is  a  specific  indanimation 
of  the  eye  characterized  especially  by  bluish-red  decolor- 
ation and  swelling  of  the  fold  of  the  conjunctiva,  formation 
of  a  fibrinous  exudate,  great  pain  and  photophobia,  to- 
gether with  general  symptoms.  He  has  called  the  organ- 
ism Bacterium  sepUitum  Gelpke,  considering  it  a  new 
variety,  in  spite  of  great  similarity  to  the  short  xerosis 
forms.  So  far  as  we  Bee,  aside  from  a  not  very  great 
pathogenic  eiTect  upon  the  human  conjunctiva,  aa  demon- 
strated by  Gelpke  in  some  cases,  there  is  nothing  in  the  ex- 
haustive description  of  the  organism  to  distinguish  it  from 
the  Coryn.  xerosis.  Other  authors  appear  to  have  obtained 
the  same  impression. 


What  we  have  said  in  the  preceding  pages  shows  that,  as 
in  the  case  of  the  virulent  ("true")  diphtheria  bacteria, 
so  also  in  the  non-virulent,  there  is  a  long  series  of  ex- 
ceedingly closely  related  forma,  which  may  be  differen- 
tiated by  varying  combinations  of  characteristics, — luxuri- 
ance, length  of  rods,  granule  formation,  production  of  acid, 
etc.. — and  which  form  a  gradational  series,  into  which  the 
true  diphtheria  bacterium  also  fits. 

This  is  rendered  still  clearer  in  the  following  brief  tabu- 
lation of  a  part  of  our  findings : 
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^  At  first  exceedingly  slow  acid  production! 
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Bacillus  pseudotuberculosis  ovis.     (Preisz, 

Tlie  rods  are  Hmaller  and  finer  than  diphtheria  baolerui  aud  ataiii 
well  by  Grum'B  method.  Grows  only  at  Incabator  temperature,  and 
upon  a^ar  and  Herntn  only  eoantily  and  dry.  Ujion  bovine  mram  there 
is  nFt«ii  a  striking  orange-j'ellow  coIot.  Cultivated  from  the  kidney 
of  a  sheep.  InjecU.il  intravenonsly  into  rabbile  and  ^inea-pigH,  it 
proilucea  pseudotuberculatls  (A.  P.,  ItMM,  231). 

Bacillus  pseudotuberculosis  murium.     (Kutscher.) 


I 


The  interesting  "sporogenie"  pseudodiphtheria  hocillos  of  De 
Simoui  (C.  B.  XxlV,  291)  acarocly  B**ma  to  iH'long  here,  in  apit«  of 
certain  ximilarities  between  it  niid  the  diphtheria  bnciUus  (striped 

2.  Uycobacterium  Lehm.  and  ]7eum. 
Cultures  upon  solid  nutrient  medium  are  elevated,  more 
or  less  wrinkled  and  dry.  Microscopically;  tliin,  slen- 
der rods,  often  with  typical  dieliotonKiua  branching, 
sonictimes  forming  unhranched  or  branched  threads. 
When  the  rods  have  been  etained  with  hot  cnrbol-tuchBin, 
they  give  up  the  etain  from  the  action  of  acids  with  great 
difficulty;  they  are  "acid  proof" — -i.  e.,  they  behave 
toward  stains  much  like  the  spores  of  ordinary  bacilli. 

Mycobacterium  tuberculosis.     (R.  Koch.)     L.  and  N. 

(Plate  SI.) 

Synonyms. — Bacillus  tiibercHlosis  R.  Koch,  Bacillus 
Knehii  Aut.  nonnull.  Sclerothrix  Kochii  MetActmikoff 
(V.  A.  c.tiii,  70).     See  page  128. 

Common  Name. — Tubercle  bacilli,*     T.  B. 


Mnxl  Imi>orlanl  LiVrnfurF.—K.  Kooh  (Uitt.  ans.d.  GeKundheitswnt 
n,  IWl);  Nmntrdand  ltoux(A.  P.  I,  19);  Craplewaky,  UnlcrauohiulK 

dcs  Aiun-urfH  anf  Tiibrrkvlbiioillen,  Juna,  18<J1;  FlHcbi?!,  Morphologie 

'  In  the  folIowiiiK  wc  more  often  employ  the  common  nnme  ot 
tnberclp  litu^illuH  (T.  B. ),  but  in  npitf  of  (hi'<  we  do  not  conxider  Uw 
furl.hrr  apiilinrtion  iil  the  arirntitlc  nnnif,  HacilluN  tnlwranloais  Koch, 
**»bo  iiroper. 
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and   Biolngte  Aea  TaberkultiaeeTregerB,  Vieniui,  1B93;  Coppen  Jonea 
(C.  B.  XVII,  1|;  Hayo  Bniua  {C.  B.  xvii,  817);   Cornet,  Die  Taber^ 

kulose,  1899. 

Microscopic  Appearance. — In  sputum  and  cultures 
usually  unbranched,  slender  rods,  1.5-4  /i  lonj;,  only 
0.4  /I  thick,  which  often  are  slightly  bent  (61,  vii,  ix,  x). 

More  recently  many  writers  have  observed  thread  and 
true  branched  foniig — in  sputum  and  in  cultures,  and  in 
the  latter,  with  careful  preparation,  they  are  predominant 
— which  are  injured  and  liroken  apart  by  only  the  rough- 
est preparation.  (Literature,  history,  and  good  illuBtra- 
tions  by  Coppen  Jones,  I.  c.)  Lubinski  ol)tain<'d  long 
threads  without  branching  upon  acid  potatoes  (C.  B. 
xvni,  125). 

Inside  of  the  tubercle  bacillus  from  sputum  and  pure 
culture  there  are  sometimes  found  unstained  vacuoles, 
sometimes  peculiar  structures  which  give  an  especially  in- 
tense, dark  red  color  with  carbol-fuchsin.  Still,  these 
latter  bodies  do  not  present  the  regular  form  of  the  true 
spores  of  bacilli;  also  statements  regarding  resistance  and 
germination  are  not  at  hand.  Coppen  Jones  compares 
them  to  the  chlamydospores  of  the  mucorini. 

In  the  same  article  the  same  author  described  very 
remarkable  forms  from  tubercular  sputum  resembling  the 
clubs  of  actinomycee,  but  which  he  recognized  not  as  or- 
ganized forms  directly  formed  by  the  T.  B.,  but  (likeacti- 
nomyces-clubs)  as  secretions,  concrements,  etc. 

Friedrich  found  T.  B.  resembling  actinomyces — i.  «., 
clubbed,  dense,  radiating  formations — in  sections  of  or- 
gans from  animals  which  succumbed  to  a  rapid  tubercu- 
losis infection  (see  p.  416). 

Motility. — According  to  oil  authors  motility  is  lacking. 
Schumowski  claims  to  have  constantly  seen  a  slow  motion 
of  the  T.  B.     (C.  B.  xxm,  838. ) 

Staining  Properties. — The  T.  B.  stains  so  difficultly 
and  imperfectly  with  the  ordinary  aqueous  solutions  of 
anilin  dyes  that  these  are  never  employed.  Also  the  stain 
siiggeatwi  by  Koch,  accomplished  by  jtrolonged  action  of 
alkaline  methylene-blue,  has  only  a  historical  interest. 

To-day  two  methods  (Tech.  Appendix),  with  innumera- 
ble (insigniUcant)  modifications,  are  almost  exclusively 
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employed.      Of   these,   we    always  use    that   of    Ziei 
Neelsen. 

Also,  Gram's  method  is  succesBful,  but  is  not  espedalljr  ' 
recommendtd,  since  it  does  not  possess  the  advantage  of  a 
specific  reaction. 

Relation  to  Oxygen, — Without  oxygen,  no  growth. 

Requirements  as  to  Temperature  and  Reaction  of  I 
Nutrient  Media, — Growth  occurs  between  29°  and  42", 
the  optimum  being  37°.     Under  all  circumstances  growth 
is  slow. 

Preliminary  Remarks  Concerning  Cultures.  — 
Upon  the  ordinary  agar  and  gelatin  nutrient  media  the  T, 
B.  grows  scantily  or  not  at  all.  For  it«  cultivation,  be- 
sides solidified  blood-serum,  i^lycerin-agar  is  almost  exclu- 
sively employed  (Nocard  and  Roux,  C.  B.  i,  404). 

Glycerin-agar  Plate.— Surface  cnlomcs  like  those  on 
the  glycerin-agar  streak. 

Glycerin-agar  Streak.  —  At  Hr&t  there  are  minute, 
crumbly  growths,  irregular  in  form,  white  to  yellowiah- 
white,  fairly  elevated,  devoid  of  luster  or  faintly  glistening 
(1)1,  I).  Later,  after  three  to  four  weeks,  the  colonies  grow 
out  and  have  lobulated  sinuate  borders.  The  peripheral 
portions  are  still  thinly  transparent,  and  at  intervals  there 
are  formed  elevations,  like  mountain  ranges,  runningfrom 
the  border  toward  the  center,  which  gradually  converge  to 
form  a  mountain  stem  in  the  middle.  The  elevations  are 
usually  yellowish  to  hntwnish  in  color;  the  depressions, 
whitish  to  grayish-yellow.  Still  later  the  entire  colony 
becomes  brownish  (61,  ii).  We  once  obtained  an  orange 
discoloration.  Hiippe  reports  that  he  has  grown  cultures 
which  presented  a,  pronounced  yellow  to  reddish -yellow 
color.  (See  p.  430. )  Kitosato  cultivated  a  luxuriantly 
growing  variety  of  Myc.  tuberculosis.  (Compare  Myc 
tub.  avium,  p.  41^.) 

Blood-serum  Streak. — A  slight  growth  in  the  form  of 
light-colored,  dry,  crumbly  scales  becomes  visible  micro- 
Bcopically  after  about  six  days  and  macroscopically  after 
ten  to  fourteen  days.  Blood-serum  is  never  liquefied. 
When  magnified  sixty  times,  the  colonics,  cspM-ially  at 
the  borders,  present  S-shaped  flourishes  consisting  of 
I  nothing  but  parallelly  arranged  rods  (61,  v). 
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Potato. — If  potato  IK  inclosed  in  an  aii-proof  (t.  «., 
protocU'd  from  evaporation)  reagent  glass,  there  slowly 
develops  small,  crumbly,  yellowish,  friable  masscB,  devoid 
of  coherence,  much  elevated  above  the  surface  of  the 
potato,  dull  or  with  a  faint  luster  (61,  ni).  The  culture 
is  well  developed  after  about  three  weeks.  (See  Pawlow- 
sky,  C.  B.  IV,  340).  The  growth  is  better  if  air  can  enter 
and  other  precautions  are  taken  to  prevent  drying  of  the 
potato. 

Fluid  Nutrient  Media.^If  glycerin  (up tnabout4%) 
is  added  to  the  nutrient  fluids,  the  T.  B.  will  grow  very 
well  upon  most  various  mixtures;  for  example,  bouillnn, 
potato  water,  and  artificial  non-albuintnous  nutrient 
media.  As  an  example  of  such  a  medium  we  may  men- 
tion: Mannite,  0.6;  citrate  of  magnesium,  0.25;  sulphate 
of  ammonium,  0,2;  glycerin,  l.S;  diphosphate  of  potas- 
sium, 0.5.  See  Proskauer  and  Beck  (C.  B.  xvi,  974). 
'  According  to  Rabinowitach,  the  T.  B.  forms  a  thick  film 
upon  all  liquid  nutrient  media  and  gives  off  an  odor  of 
flowers.  Formation  of  endogenous  spores  does  not  occur, 
and  whether  a  form  of  arthrospore  is  produced  is  at  leaat 
very  doubtful.     (See  p.  411  regarding  chlamydospores. ) 

Resisting  Powers  Against : 

(a)  Light:  Pure  cultures  are  very  susceptible  to  direct 
sunlight;  are  also  injured  by  pole,  diffuse  daylight  (accord- 
ing to  Koch,  cultures  on  a  window  die  in  five  to  seven 
days). 

(fi)  Drying:  According  to  Sawitzky  (C.  B.  xi,  153), 
human  phthisical  sputum  retains  its  virulence,  when 
dried  at  room  temperature,  for  two  and  one-half  months; 
also  sunlight  does  not  here  produce  injury.  Obici  (C.  B. 
XIX,  314)  obtained  a  series  of  similar  results.  On  the 
contrary,  Migneco  found  them  dead  in  the  sun  after 
twenty-four  to  thirty  hours  it  the  dried  sputum  was  not  in 
too  thick  a  layer  (A.  H.  xxv,  361).  Tubercule  bacilli 
dried  on  cigars  die  in  t«n  days;  on  the  contrary,  on  paper 
they  may  live  as  long  as  four  weeks. 

(c)  Moist  heat:  50°  does  not  kill  in  twelve  hours,  55' 
kills  in  four  hours,  60°  in  fnrty-five  to  sixty  minutes,  70° 
in  ten  minutes,  80°  and  90°  in  about  five  minutes,  95°  in 
one  minute  (Forster,  H.  R.  ii,  p.  869). 


^— (.«>  «nJShmi:  Ssk;  Imd  only 

m  bra«  MM  (*«  «(  ■*«<  f^  SMMK  dMi,  fte.)  in 

bAcikanJKidfcMftim,Md  An  we  imbtad. 

Tfar  Mt  WT  fa  n  ntfr  ft— J  »  tilk.  A  thud  uf 
hdbneiiw a— t'tawiJ .  c«A«kk  the  adder  b  healthy, 
^KflOdlunrT.  B.  t^taiAnTbgMmwIioiL  While 
the  hMtn^flf  a  b«M  Be^  4nkt  w»ii.»l  T.  R  a  the 
hotter  in  100%  of  &e  omi  (Ohxailkr,  EL  R,  IS97, 
71SX  IhirlMB oikr  iilililiiliwirtiii  in  Bofin  were prawd 
to  fill  mill  wittci  frae  nvm  T.  B.  (BahMwitoiii,  C.  B. 
XXT,  77). 

(&)  H  tkt  kgaldufhoAf:  Terr  nmnr  appenntly  hoUhy 
iuUTidtiBk,  mni  md  inimek  (com),  prcemt  at  uitopsy 
nMllcr  or  I«g*i'>  oAen  oampktdT  bciUcd  tubMimUr  focL 
Of  mch  neo  there  sre  nid  to  be  66^  with  latent  or 
healed  tnbercolar  fod;  and  at  these,  it  is  the  priiM-ipal  dis- 
oaae  in  SS%,  a  ercnDdaij  aflwtion  in  6^,  ami  nitiiely 
latent  in  41%  (Schlenker).  Healthy  nones  and  pby«- 
RiaitH  of  tub^ular  fwitients  are  said  to  olten  show  T.  B. 
in  the  naeal  muctu. 

(c)  In  diMMMil  hnnuin  urganvfm  :  '  It  oocun  ns  the  ex- 
clttHive  anil  (tMwntial  cait^  of  miliaiy  tuberculoois,  nf  lione, 
kIbdiI,  and  iuint  tul>ert:uloBie  (caries,  fungous  inflanmiaUoii, 
whKe  HwellitiK,  elc.  J,  of  lupus  (tuberculosis  of  the  sidn), 
■  at  Jatn  aStxtvA  with  fowl  tubcmnlotiis,  see  pign 
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of  inteBtinal,  peritoneal,  renal,  and  meningeal  tubercu- 
losis, uf  dry  and  eerous  pleuritis,'  etc.  All  the  organs 
may  be  affected  with  tuberculoue  disease. 

Part  of  the  tuberculous  affections  of  the  lungs  are  de- 
pendent upon  the  T.  B.  alone;  in  phthisis,  streptooocci 
play  a  very  important  secondary  rfile  as  the  cause  of  the 
typical  irregular  temperature  curve  and  as  destroyers  of 
the  pulmonary  tissue  with  suppuration.  "Anatomical " 
tubercles  are  only  in  part  caused  by  the  T.  B. 

The  port  of  entry  of  tho  T.  B.  may  be  in  any  part 
o(  the  body  (lung,  intestine,  skin,  wounds  of  the  skin), 
and  is  said  by  many  authors  to  be  located  especially  often 
in  the  tonsils. 

Tuberculous  mothers  sometimes  furnish  tuberculous  ova, 
or  tuberculous  fetuses  (eventually  through  placental  tuber- 
culosia) ;  tubercular  fathers,  even  with  tuberculosis  of  the 
testicle,  scarcely  ever  transmit  T.  B,,  but  certainly  do  a 
disposition  to  tuberculosis  (Gartner,  Z.  H.,  xiii,  lOl).  In 
the  same  place  are  also  given  many  statements  from  the 
literature, 

(d)  In  animah:  Tuberculosis  is  very  frequent  in  cowa 
(  "  Perlsucht "  ),  In  newly  bom  calves  tuberculosis  (al- 
ways miliary  tuberculosis)  is  a  rarity  (according  to 
Klepp,  with  exhaustive  examination,  it  occurs  in  about 
Afe  of  slaughtered  calves  !).  In  slaughtered  cattle  as  high 
aa  36%  have  been  found  to  be  tuberculous  ;  in  old  milk 
cows,  as  high  as  80%. 

In  places  tuberculasis  occurs  frequently  also  in  swine, — 
for  example,  in  the  slaughter- houses  of  Dantzic  in  11^, — 
yet  mistakes  in  connection  with  the  neci-otic  areas  of  swine 
pli^ue  ( "  Schweineseuche  " )  have  been  observed.  Sheep, 
goats,  horses,  dogs,  and  cats  sometimes,  though  rarely, 
present  very  extensive  tuberculosis.  Rabbits  and  guinea- 
pigs  sometimes  present  tuberculosis  rather  frequently;  yet 
of  3000  guinea-pigs  which  were  killed  during  1890-98  in 
the  Department  of  Health  of  Berlin,  not  a  single  instance 
of  spontaneous  tuberculosis  was  observed'  (Petri). 

'  Pleural  emdatea,  apparenllj  free  of  baotrria,  are  very  often  of  a 
tubercalona  nature. 

'  Va^es  has  ieoUted  twenty-ei^ht  different  onltnres  of  tubercle 
bacilli  from  iium  and  two  from  aoiiualH  { "  Perlanoht " ),  nmstly  from 
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Experimental  Observations  Regarding  Patht^enic 
Effects. — (n)  /<!  anbmh:  With  T.  B.  from  man  it  is 
very  easy  to  inffict  cattle,  awine,  liorseB,  and  especially 
monkeys  and  guinea-piga;  also  dogs  are  easily  infected, 
eflpecially  iutravenouBly.  Fowls  are  immune;  in  hens, 
at  most,  there  occurs  a  small,  local  area  from  inoculation 
in  the  comb. 

Infection  follows  the  introduction  of  T.  B.  by  all  sorts 
of  methods  (also  inhalation  and  feeding),  but  most  cer- 
tainly by  the  intraperitoneal.  At  the  place  of  infection 
a  caseous  area  is  formed,  and  in  the  neighborhood  (omen- 
tum, peritoneum)  an  acute  miliary  tuberculosis.  With 
intravenous  infection  a  general  miliary  tuberculosis  de- 
velops. Tubercle  bacilli,  attenuated  by  iodoform,  cause 
in  rabbits,  aonletimes  the  picture  of  chronic  phthisis  in 
man,  sometimes  the  typical  pearly  disease  ("  Perlsucht") 
(Troje  and  Tangl,  C.  B.  xi,  613). 

If  rabbita  are  injected  subdurally  or  into  the  kidneys, — 
according  to  Friedrich,  alao  into  the  veins, — then  areas 
are  often  produced  which  in  from  fourteen  to  fifty  days 
correspond  throughout  to  pictures  of  actinomyces:  i.  e., 
a  central  tangle  of  genuine  branching  threads,  limited  at 
the  periphery  by  clubs.  The  central  structure  is  acid 
proof;  the  clubs  are  often  only  feebly  so,  and  sometimes 
are  stained  blue  with  a  counteratain  of  methylene-blue. 
Both  the  threads  and  clubs  stain  well  by  the  Gram-Wei- 
gert  method,  while  in  the  actinomyces  the  clubs  rarely 
retmn  the  stain  in  Gram's  method. 

The  close  relationship  between  tuberculosis  and  actino- 
mycosis is  constantly  demonstrated  by  these  investigations. 
Details  will  be  found  in  the  literature  cited  above.  For 
the  latest  researches,  with  beautiful  illustrations,  consult 
Schulze  and  Lubarsch  (Z.  H.  xxxi,  153  and  187).  In 
the  same  place  special  stain  ing  methods  are  also  described. 

(6)  In  man:  Experimental  tests  are  lacking.  Of  the 
clinical  experiences,  some  cases  of  disease  following  infec- 

tbe  pus  of  cavities  and  palinonary  noduliM.    The  vimjencv  for  animals 

C(d  to  vary  very  mnrh.   I(  aewltnre  was  highly  vinilentfor  ratiMls, 
mIc  no  iliBerrnoe  whethor  an  tntection  was  produced  in  the  eje  or 
nbcntAnMiiisly  or  intra veiiuusly.  luid  snch  caltures  were  also  always 
jr  virulent  for  lals. 
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tion  of  a  wound  of  the  hand  by  sputum  (iiijuiy  by  a 
broken  aputura  glass)  have  the  force  of  expenmental 
demonstration. 

Toxins,  Immunity,  Immunization. — From  old  cul- 
tures of  the  T.  B.  upon  glycerin  bouillon  by  means  of 
evaporation  and  precipitation  with  alcohol,  an  albumi- 
nous body  is  obtained,  formerly  known  as  "tuberculin," 
and  now  as  "old  tul>erculin.'"  When  this  is  injected  in 
cases  of  tuberculosis  (Koch),  it  exerts  a  pecuhar  influence 
upon  the  tuberculous  proceaa.  Very  weak  doses  call  forth 
a  moderate  increase  of  inflammation  at  the  seat  of  the 
tuberculous  disease,  with  fever,  while  healthy  persons  ex- 
hibit neither  fever  nor  noticeable  local  symptoms.  As 
pointed  out  by  Buchner  and  Romer,  the  proteins  of  other 
bacteria  have  an  exactly  similar  effect  upon  tuberculosis. 

While  Koch  and  some  of  his  students  obtained  good,  or 
at  least  satisfactory,  curative  and  immunizing  results  with 
the  old  tuberculin  in  man  and  animals,  most  investiga- 
tors, after  a  brief  enthusiasm,  abandoned  the  preparation 
as  very  rarely  useful,  but  also  as  very  often  injurious. 
Then  Koch  sought  to  improve  his  preparation,  and,  under 
the  name  of  "  Tuberculin  TR,"  recommended  a  new  pre- 
paration, prepared  as  follows  : 

Virulent  T.  B.  are  dried  and  then  pulverized,  suspended 
in  water,  again  pulverized,  and  then  separated  by  centrifu- 
gation  into  a  sediment,  and  a  supernatant  fluid.  The  latter 
is  decanted  and  only  the  further  aqueous  extract  is  em- 
ployed, which  is  obtained  by  pulverizing  and  by  separa- 
tion of  the  solid  ingredients  by  centrifugation  (Deut.  med. 
Wochenschr.,  1897,  209). 

H.  Buchner,  following  the  method  of  E.  Buchner.  has 
obtained  a  "  tuberculoplasmine  "  by  trituration  and  com- 
pression of  fresh  tubercle  bacilli,  concerning  which  no 
practical  results  ajipear  to  have  been  published. 

Koch  has  completely  immunized  a  series  of  guinea-pigs 
with  his  TR  by  means  of  carefully  but  actively  increasing 
doses.  Complete  immunity  was  obtained  about  two  or 
three  weeks  after  the  administration  of  lai^e  doses.  Also 
Koch  has  obtained  a  cure  in  previously  infected  guinea- 
pigs,  but  the  treatment  must  be  instituted  not  Iat«r  than 
§ight  to  fourteen  days  after  infection,  because  of  the  rapid 


w'  iT'*  ''r  DC^Mm  Malta  vitt  the  anr  bdxRalin  in 
l^imMHP^  IB  pwria—ly  wi»  the  emt  wiA  the  old  mber- 
nfin  (C.  B.  zxm,  587);  anmU  doaei  wcm  vottlikn,  and 
the  li^cs  the  doH^  tte  greater  tbe  fsippaiiitBiait.  B»- 
pnfinB  Ae  valued  ttie new  ps^iamkB  iDsaan,  then  u 
no  unMJMJty  Spender  (C.  B.  Txm,  523)  pree  a  Ektoc^ 
aUe  jndgOMOt,  but  sn&ninibfe  or  fkeplial  opoiicns  are 
in  t2te  majority.  Sec,  for  example,  Stempel  (lioDcfa.  med. 
Wochenedir.,  1897.  No.  48)  and  Biikaiik7  (C  B.  xxm, 
518).  A  review  at  coDeeted  Ihcsatore  is  famished  hj 
BuKoins  (C.  B.  xxn,  631).  Uaia^iano  daimed  to  ob- 
tain good  lemlta  with  a  tobercnloeiB  aenun,  bat  his  results 
have  been  bat  litUe  verified  from  other  ioarces  { at  least 
BDch  is  the  ezpenence  of  Hager,  Moneh.  med.  Wocfaen- 
•dhr.,  1897, 853).  Also  Bering  recently  hoped  to  &aoceed 
in  reestaUisfait^  an  antitoxic  taberailoda  senun  (Congress 
of  Hyf^ene,  Madrid,  1898).  Tobocalin  now  ptajs  a 
large  part,  entirely  aade  from  its  thenpentic  nse,  as  a 
dti^ostic  aid  in  tuberculoeis.  For  details,  see  page  437. 
For  the  differential  diagnosis  of  the  T.  B. ,  soe  page  436. 


Mycobacteriom  tuberculosis  ^  avium.     (Maffucd.)  1 
Lebm.  and  Neum. 

Synonym. — Baciilue  mberculosis  avium  Maffucci 
Common  Name. — Batilhis  of  fowl  tuberculosis. 

Jfodf  ImpoTlaat  /.ffrrofiirr.— MofltKwi  (Z.   H.   II,   445);  Stmoa 
Gnmuleia  (C.  B.  x.  300i;  Connnont  (C.  B.  xiv,  riO-2);  Krnac  (C.  % 
XV,  SO  11;  Pfandtr  (biBlologk-,  C.  B.  XII,  284):  Finohel  (Unterw    " 
anffin  fiber  die  Mwph.  nnd  Biol.  dta.  T.-En^itere,  Wien,  1  "— 

From  the  standpoint  of  our  present  knowledge  this  in-* 
teresling  organiem,  first  sepanited  from  the  T.  B.  by  Maf- 
fucoi,  must  be  looked  upon  as  only  a  form  of  the  latter 
which  hot!  become  acclimated  to  the  bird's  body  (its  high 
temperature),  Imt  which  is  occaaionally  also  pathogenio  for 
other  creatures. 
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la  favor  of  tbis  arc  the  obsprvations  of  Kruse  and 
Paiisini.  From  a  guinea-pig,  inoculated  with  the  juice 
from  tuberculous  organs  of  caUle,  and  from  another  in- 
fected with  human  sputum,  typical  fowl  tubercle  bacilli 
were  cultivated  which  were  pathogenic  for  chickens. 

In  accord  with  this,  Johne  and  Frothingham  found 
fowl  tuberculofiis  in  cattle  (C.  B.  xix,  564)  and  Nocard 
in  horses  (C.  B.  xxi,  807). 

After  prolonged  cultivation  on  arti&cial  nutrient  media 
at  ordinary  incubator  temperature,  the  bacillus  of  fowl 
tuberculosis  becomes  pathogenic  also  for  mammals 
(Courmont,  C.  B.  xiv,  602).  Fischcl  (C.  B.  xiv,  632) 
observed  transition  forma  connecting  the  two  diseases. 
Finally,  Cadiot,  Gilbert,  and  Roger  were  able  to  invert 
the  pathogenic  properties  of  both  varietiefl  by  continued 
transfer  (C.  B.  xix,  567). 

The  following  are  given  as  the  points  upon  which  the 
differential  diagnosis  nf  the  avian  fonii  rests. 

Microscopic  Appearance. — Like  the  T,  B.,  some- 
times a  little  longer  and  slimmer.  Staining  properties  are 
the  same. 

Requirements    as   to   Nutrient   Media. — Does  not 

grow  on  I.otJLtn;    ,,tliiT\vi,^r  llie  f.-Mm-  as  tbo  T.    B. 

Requirements  as  to  Temperature. — Limits,  35°— 
45°.  In  euntnuHstiiictiiin  to  tin'  T.  B. ,  it  grows  very  well 
and  without  reduetinn  of  virulence  at  43°  (Straus  and 
Gamnleia).     The  T.  B.  generally  does  notgrow  ahove42°. 

Serum  and  Agar  Cultures. — They  are  alwa)'s  softer, 
more  succulent,  more  lu.xuriant,  and  grow  more  on  a 
level.  However,  Kruse  has  observed  a  dry  culture,  also 
cultures  which,  upon  certain  varieties  of  agar,  take  on  a 
reddish,  blackish,  violet  color. 

Fluid  Nutrient  Media. — The  pellicle  is  not  so  firm  aa 
in  the  T.  IS. 

Cultures  live  for  two  years. 

Pathogenic  for  birds  '  when  introduced  in  every  way 
except  by  feeding,  attacking  especially  the  liver  and 
spleen.     Also  the  embryos  of  chickens  in  incubated  eggs 


'  The  very  common  tnberonloeis  of  pairote  ii 
true  T.  B.,  the  animala  being  infected  by  rec 
mouths  of  tnberonloua  peiaons. 
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can  be  infected.  The  course  is  very  clironic;  giant  cella 
are  rare;  bacilli  are  present  in  great  abundance. 

lunuuiiity  against  avian  tuberculosis  exists  in  the  dog, 
monkey,  and  guinea-pig;  but  the  last-named  animal  after 
injection  dies  with  a  slow  uiarasmus  (chronic  intoxication). 
Rabbits  are  rarely  susceptible. 

Leray  (H.  R.,   1896,  358)  describes  differences  in  the 

fiathologi co-anatomic  picture  in  rabbits  which  are  iiiocu- 
»ted  witl)  avian  and  mammalian  tuberculosis.  In  the 
former  caseation  is  lacking,  hut  there  are  many  giant 
cells,  with  common  inclusions  of  the  oi^anisms;  in  mam- 
malian tuberculosis  the  reverse  obtains,  the  caseation 
being  extensive,  giant  cells  few,  the  T,  B,  usually  free, 

Mycobacterium  tuberculosis  var. ;-  piscicola.  L.  and  N. 

(riftle63,  v-is.) 
LiVn-nftirr.— Biitaillon.   Dubanl.  and  Terra  (C.  B.  xxn,  61);   Krdl 
and  Dubanl  (R^v.  de  la  toberc.,  ISm,  No.  -2). 

The  French  authors  cultivated  the  organism,  which  re- 
sembles the  T.  B.,  from  a  tumor  of  carp  about  the  size  of 
a  pigeon's  egg.  It  is  not  motile,  is  acid  proof,  forms 
branches,  and  grows  at  23°— 25°  as  the  optimum  tempera- 
ture (minimum,  12°).  In  bouillon  there  are  abundant 
flocculi,  which  settle  to  the  bottom;  upon  potato  there 
occurs  a  thin  whitish  growth;  gelatin  is  not  liquefied. 

In  order  to  prove  that  their  organism  is  the  T.  B. , 
acclimated  to  cold-blooded  animals,  fish  and  frogs  were 
inoculated  and  fed  with  cultures  of  human  and  avion 
tuberculosis.  From  the  organs  of  such  fish  the  var.  pisci- 
cola was  in  fact  obtained. 

In  association  with  Dr.  Kumulis  we  have  thoroughly 
studied  a  culture  obtained  from  Krfil,  and  have  completely 
confirmed  the  statements  of  the  French  investigators. 
Growth  stops  at  once  at  37°,  and  at  20°-25*  it  is  a  little 
more  luxuriant  than  that  of  the  ordinary  T.  B.  in  the  in- 
cubator. In  the  microscopic  examination  we  saw  no 
branchiug.  probably  by  chance.  In  gelatin  plates  (62,  vi) 
there  occurs  a  rather  tough,  dry,  whitish-yellow,  wrinkled 
growth,  which  upon  being  magnified  sixty  times  corre- 
sponds to  the  T,  B.  upon  glycerin-agar  (62,  vn).     lo  ' 


rre-         l 
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gelatin  stab  the  growtli  is  scanty  ;  upon  the  surface  a  dry, 
thin,  wrinkled  pellicle,  with  no  liquefaction.  Upon  agar 
just  like  the  T.  B.  on  glycerin-agar,  only  a  little  more 
luxuriant  and  more  thickly  padded  (62,  v).  Bouillon  is 
clear  with  a  crusty  pellicle.  The  growth  on  potato  ia 
wrinkled,  thick,  sharply  outlined,  whitish-yellow.  The 
growth  upon  milk  is  strikingly  different  from  all  varieties 
studied  by  ua.  It  is  not  coagulated,  and  after  one  to  three 
months  takes  on  a  dark  violet-gray  color,  the  pigment  being 
soluble  in  alcohol. 

Mycobacterium  tuberculosis  s  ranicola.     L.  and  N. 

The  efforts  of  various  iiivestigatura  to  acclimate  the  T.  B. 
to  the  frog  resulted  in  the  information  that  also  here  theT.  B, 
is  gradually  transformed  into  a  variety  which  grows  at  lower 
temperatures.     Fordotailasee  Lubarech  (Z.  H.  xxxi,  187), 

Mycobacterium  tuberculosis  £  anguicola.     (Moeller.) 

L.  and  N. 

Moeller,  The  rape  utische  Monatshefte,  Nov.,  1898;  Lu- 
barsch  (Z.  H,  xxxi,  187). 

Isolated  from  the  spleen  of  a  blindwonn  which  was  in- 
fected one  year  previously  with  human  tuberculosis 
(sputum).  Grows  best  at  22°  (generally  not  at  all  at  28° 
to  37° ) ;  upon  agar  it  forms  a  moist,  glistening  white  layer  I 
In  dilute  bouillon  and  non-albuminous  nutrient  media 
plentiful  branching  occurs.  It  cannot  be  inoculated  into 
rabbits. 

Mycobacterium  leprs.    ( Armauer  Hansen. )    L.  and  N. 

(Plate  63,  I-IV.) 

Common  Name: — Lepra  bacillus. 

Principnl  LilKralurt. — Mnic  Wcilters,  Der  BocilloH  leprm  {C.  B.  Xin, 
469),  and  Fin)^r  in  Ergi?bn.  der  allg,  Attiologie,  1896.  Compare 
also  Mitteitungen  und  Vertumdlnniren  Avt  intemation,  Leprakonfer- 
enz  in  Berlin,  Oct.,  18S7,  3  Fanile;  Bab^:  Der  Lcprobacilliui  tuid  die 
Hiatologie  der  Leptn,  Berlin,  1698, 

Since  the  communications  of  Armauer  Hansen  and 
Neisser  (Virch.  Archiv,  lxxxiv,  514)  there  has  been  no 
doubt  that  the  cause  of  leprosy  is  a  non-motUe  oti^vdiGts^,, 
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very  closely  related  to  the  tubercle  bacillus.  These  organ- 
iams,  which  are  often  a  little  shorter  than  the  T,  B.,  are 
found  in  the  specific  new-formation  (nodes  and  nodulesj 
of  leprosy  in  the  various  organs  in  coses  of  the  disease, 
and  often  in  enormous  numbers.  The  bacilli  are  found  in 
groups,  the  individuals  being  parallelly  arranged,  and  lie 
within  special  "lepra  cells,"  which  have  recently  been 
explained,  sometimes  as  confluent,  proliferating  lymph 
endothelium,  sometimes  aa  lymph  tlirombi. 

By  means  of  staining  reactions  the  L.  B.  cannot  be  cer- 
tainly differentiated  from  the  T.  B.  They  stain  by  the 
Kocn-Ebrlich  method  just  as  well  as  the  T.  B.,  and,  like 
them,  are  also  stained  by  Grain's  method  and  by  a  suffi- 
cient action  of  aqueous  anihn  dyes.  A  difference  is  said 
to  consist  in  this,  that  the  L.  B.  is  so  well  stained  in  six 
or  seven  minutes  with  an  aqueous  solution  of  fuchsin  that 
good  preparations  are  obt:iined  after  washing  witli  wat«r, 
while  the  T.  B.  is  not;  on  the  contrary,  alkidine  methyl- 
ene-blue  stains  the  T.  B.  quicker  than  the  L.  B.  Compare 
the  controversies  upon  this  between  Baumgarten  and 
Wesener  fC.  B.  i,  460,  573;  n,  131,  291). 

Still,  all  authors  are  now  agreed  that  the  staining  reac- 
tion cannot  help  much  in  the  diflferential  diagnosis,  no 
more  than  the  form  of  the  bacilli, '  from  which  it  follows 
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that  the  separation  of  leprous  and  tuberculous  aEFectioiis 
in  the  cadaver  appears  often  imposeible,  since  at  least  it  is 
made  differently  by  different  persons.  Since,  according  to 
Hansen  and  Looft  (Bibl.  med.,  1894),  the  cause  of  death 
in  40%  of  the  cases  of  leprosy  is  tuberculosis,  thia  uncer- 
tainty is  very  unfortunate. 

While  for  a  long  time  efforts  to  obtain  cultures  of  the 
infective  agent  from  cases  of  leprosy  were  frustrated,  more 
recently  positive  results  have  multiplied. 

Almost  all  the  cultures  obtained  present  branched  forms 
closely  related  to  the  Myc.  tuberculosis  ;  the  typical  acid- 
resisting  power  was  rarely  present  (Bordoni-Unreduzzi,  Z. 
H.  ni,  178,  with  plate);  sonnetimes  there  was  a  certain 
limited  acid-proof  property,  and  at  other  times  none  at 
all.  Bab^e,  who,  if  not  the  first  to  study  this  subject,  has 
studied  it  most  extensively,  holds  the  organism,  for  evi- 
dent reasons,  to  be  the  cause  of  lepra  in  spite  of  the  absence 
of  acid-proof  quality  (C.  B.  xxv,  125). 

The  growth  upon  artificial  nutrient  media  {glycerin- 
agar,  glycerin-serum-agar,  glycerin -potato)  was  found  by 
all  writers  to  usually  bedehcateand  alow;  morphologically 
and  biologically  their  behavior  was  very  similar  to  the 
T.  B.  Our  culture  obtained  from  Kr41  exhibited  a  good, 
although  a  alow,  growth.  Morphologically  the  rods  re- 
semble the  T.  B,,  but  also  the  diphtheria  bacterium.' 

An  additional  proof  that  we  may  recognize  the  culti- 
vated organisms  with  the  greatest  probability  as  the  Myco- 
bacterium leprte  has  been  furnished  by  Spronck  (C.  B. 
XXV,  257).  It  is  the  demonstration  of  agglutination  of 
the  questionable  organisms  by  serum  from  many  cases  of 
lepra,  even  in  high  dilution. 

Animal  experiments  are  said  by  some  authors  to  have 
succeeded  (aee  Wolters),  but  no  one  has  produced  typical 
leprous  changes.    The  greatest  number  of  writers  observed 

'  Czaplewaki  (C.  B.  xsiil,  ffT),  who  has  also  isolated  nn  organiBm 
belonging  here,  Buys  with  entire  truth  that  these  fonns  coiLStitute  n 
connection  between  the  diplitherin  and  tubercnloeia  gronps,  or,  accord- 
inf;  tji  our  t^rminologj',  the  genna  MyDohacteriuiu  and  the  ^enua 
Corynebncterium,  which,  in  the  fimt  edition  o(  this  book, 
side  by  side  aa  closely  related.     See  also  Levy  (A.  H.  XZX, 
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a  rapid  death  of  the  bacteria  introduced,  and  ascribe  t 
positive  resulte  of  others  to  tuberculous  iiifectiou. 

Because  of  the  prolonged  period  of  incubation,  it  is  d 
cult  to  determine  the  way  by  which  the  infection  in  i 
gains  entrance.  Generally  an  infection  through  the  van-  , 
0U8  mucous  membranes  and  slight  wounds  is  assumed; 
there  are  said  to  be  no  ports  of  infection  in  the  alimentary 
and  respiratory  organs.  Congenital  lepra  is  at  least  very 
rare.  Abundant  L.  B.  are  found  in  the  sperm  and  milk. 
They  have  never  been  found  in  the  ovaries.  Except  in 
the  secretion  from  ulcers,  they  are  found  most  frequently 
in  the  nasal  secretion  (128  times  ui  163  cases)  (Sticker).  ■ 
The  nose  is  the  most  common  location  of  the  prima^  I 
affection,  as  well  as  the  most  dangerous  source  of  contun- 
ination  of  the  aurromidingB  (Sticker,  Miinch.  med.  Woch- 
enachr.,  1897,  Noa.  1063  and  1103). 

A  positive  differential  diagnosis  of  isolated  and  cultivated  ! 
lepra  from  tulwrculosis  organisms  can  at  present  oidy  b«  i 
based  upon  the  less  developed  acid-proof  quality,  the  morft  I 
delicate  growtlis,  and  perhaps  the  a^lutination. 

Organisms  9n  Verrugas. 

We  may  only  mention  briefly  that  in  the  Peruvian  "  Ver^  I 
ruga,"  an  endemic  disease  characterized  by  rather  large  ] 
cutaneous  swellings  (hypertrophy  of  the  papillary  bodies), 
and  formerly  much  confused  with  syphilis,  organisms  ] 
have  recently  been  found  in  all  the  organs  which  are  very  I 
similar  to  the  T.  B.  morphologically  and  tinctorially.  Sea  | 
Letulle,  NicoUe,  Odriozola  (C.  B.  xxiv,  889). 

Mycobacterium  smegmatis.     L.  and  N. 

Common  Name. — Smegma  bacillus. 

Since  the  investigations  of  Tavel  (C.   B.   i,  673)  and 
Matterstock  (Mitt.  a.  der  mediz.  Klinik  Wiirzhurg,  n)  v 
have  known  that  still  another  mvcobacteriuni  is  found  in 
the  smegma  of  the  prepuce  and  clitoris,  and  only  recently 
it  has  been  cultivated  a  few  times. 

Laser  (Miinch,  med.  Wochenechr. ,  1897,  1191)   first  ] 
succeeded  in  cultivating  an  acid-proof,  non-motile  bacillus, 
corresponding  in  morphology  to  the  smegma   baclllua.  i 
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Upon  agar  ameared  with  blood  the  growth  waa  scanty,  like 
streptococci ;  upon  glycerin -agar,  like  dewdrops ;  upon 
the  ordinary  nutrient  media  it  grows  poorly  or  not  at  all. 
The  organism  was  not  pathogenic.  Czaplewski  (eorf.  loco) 
has  o1;^rved  a  little  better  growth  in  a  culture,  and  also 
yellow,  honey-like  growtlis  on  potatoes.  See  abo  Griin- 
baum  (cod.  loco,  No.  45,  p.  1254). 

Stolz  (A.  H.  XXX,  156)  has  described  a  very  closely 
related,  beautifully  branching,  but  not  especially  acid- 
proof  oi^nism,  which  grows  very  poorly  in  cultures. 

In  practical  medicine  more  interest  attaches  to  the  ques- 
tion whether  the  smegma  bacillus  can  be  differentiated  from 
the  T.  B.  microscopically  from  its  staining  properties,  than  to 
its  cultivation.  This  delicate  question,  with  which  we  have 
had  no  personal  experience,  has  been  the  subject  of  very 
much  investigation.  According  to  Grethe  (Fort.  d.  Med., 
1896,  No.  9),  a  method  of  Weicheelbauni  isto  be  especially 
recommended  for  differential  diagnosis.  The  preparation 
is  stained  with  hot  carbol-fuchein,  thus  staining  the  T.  B. 
and  smegma  bacilli  red  ;  then  a  saturated  alcoholic  solu- 
tion of  methylene-blue  is  allowed  to  act  upon  it  (how  long 
is  not  stated),  when  gradually,  even  in  the  thickeflt  parts 
of  the  preparation,  the  smegma  bacilli  become  blue,  the 
tubercle  remaining  red. 

According  to  the  careful  studies  of  Bunge  and  Trauten- 
roth,  there  are,  aa  was  to  be  expected,  acid-proof  smegma 
bacilli  which  are  quite  different  from  one  another,  hut  none 
of  them  retains  the  stain  after  the  following  process ; 
Absolute  alcohol,  three  hours;  ttfo  chromic  acid,  fifteen 
minutes;  carbol-fuchsin,  two  to  three  minutes;  dilute  sul- 
phuric acid,  two  to  three  minutes;  concentrated  alcoholic 
solution  of  methylene-blue,  at  least  five  minutes.  Hon- 
sell  (C.  B.  XXI,  700)  recommends  for  the  same  purpose; 
Ordinary  carbol-fuchsin  stain,  ten  minutes  in  acid  alcohol 
(absolute  alcohol  97  parts,  HCl  3  parts),  wash  in  water, 
washing  in  alcoholic  methylene- blue  diluted  one-half. 
Only  the  T.  B.  remain  red. 

For  differential  diagnosis,  after  a  preparation  has  been 
stained  according  to  the  usual  method  for  T.  B.  with 
gentle  action  of  acid,  and  acid-proof  red  rods  are  found, 
Uien  a  second  preparation  must  be  stained  by  Qut  tA*iiSM 
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methods,  and  if  bine  rods  arc  obtained,  the  sroegma  bacil- 
lus can  be  diagnosed.  Finally,  also  cultures  may  be  pre- 
pared upon  ordinary  nutrient  media  to  search  for  Myco- 
bacterium lacticola  and  related  organisms. 

Micro-organisms  in  Syphilis.  I 

Lustgarten  (Wien.  nied.  Wochenschr. ,  1884,  and  Wien.  i 
Jahrbuch,  1885)  was  the  first  to  find  micro-organisms  in 
syphilis  hj  modem  methods.  He  succeeded  in  staining, 
by  means  of  a  special  method,  organisms  resembling  the 
tubercle  bacillus,  in  the  interior  of  syphilitic  gummas  and 
in  the  primary  lesions  (Technical  Appendix).  Doutrele- 
pond  arrived  at  similar  results. 

After  the  discovery  of  very  similar  oiganisins  in  normal 
smegma  (see  p.  424)  bad  very  much  reduced  the  signifi- 
cance of  the  syphilis  bacillus  in  the  secretion  of  the  pri- 
mary lesion,  and  after  very  many  investigators  had  sought 
in  vain  tor  LuBtgarten's  organism  in  the  interior  of  syph- 
ilitic bodies,  it  was  the  general  opinion  that  Lustgarten's 
positive  finduigs  in  gummas  were  to  be  explained  by  a 
mixed  infoetion  with  tuberculosis. 

After  ten  years  scarcely  more  than  one  article  worthy  of 
notice  upon  the  etiology  of  syphilis  had  appeared,  when 
van  Niessen  undertook  to  investigate  anew  this  important 
question.  Unfortunately,  he  entered  upon  the  work  with 
absolutely  insufficient  knowledge,  and  hia  first  publications 
(C.  B.  xxiir,  48)  deserve  in  general  no  serious  discussion, 
as  they  were  so  full  of  technical  errors, 

Van  Niessen  has  recently  made  further  communications 
(Wiener  mcdiz.  Presse,  1899,  Nos.  11-18)  of  inveatiga- 
tions,  carried  ont  in  the  St.  Petersburg  institute  of  Prince 
Oldenburg,  which  indeed  show  that  he  has  learned  much 
in  the  meantime,  but  which  can  in  no  way  be  accepted  as 
proof  for  his  assertions.  Reexaminations  by  known  inves- 
tigators are  absolutely  essential. 

Van  Niessen  succeeded  in  cultivating  an  organism, 
which  resembles  somewhat  the  Corj-nebacterium  diphthe- 
ria, from  the  blood  of  suitable  caaea  of  secondary  syph- 
ilis, and  also  from  6at  condylomas  which  were  not 
ulcerated  (how  often  is  not  cWr).  It  exhibits  distinct 
clubbing  and  branching,  stains  with  the  ordinary  anilin 
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dyes,  and  also  well  by  Gram's  method,  and  often  (not 
always)  by  LuBtgarten's,  but  not  by  Ziel-Neelsen'a 
method.  The  statements  regarding  spores  sound  improb- 
able. 

It  grows  slowly  upon  all  ordinary  nutrient  media  as  a 
whitish  to  yellowish  or  brownish  formation,  and  it  grows 
very  slowly  upon  gelatin.  In  the  gelatin  stab  there  are 
very  fine  points  and  teeth,  and  often  branches  are  pre- 
sented. 

AH  gelatin  plates  present  pinhead- shaped,  prominent, 
yellowish -white,  glistening,  transparent  colonies.  Upon 
agar  the  growth  possesses  a  slimy  tenacity.  Upon  serum 
the  organism  thrives,  although  the  growth  is  not  much  more 
abundant.     The  color  is  often  quite  a  pronounced  yellow. 

In  bouillon  (at  37°)  there  is  first  turbidity;  later  a  sedi- 
ment; also  a  delicate,  cobweb-like  pellicle  and  a  ring  on 
the  wall  of  the  tube  (optimum,  28''-32"). 

The  animal  experiments  are  given  so  absolutely  super- 
ficially that  they  are  referred  to  with  grejit  diSiculty.  The 
organism  (only  one  culture  appears  to  have  been  em- 
ployed) proved  pathogenic  for  monkeys  and  swine.  The 
three  monkeys  succumbed  after  a  few  weeks  with  a  very 
coniplicated  clinical  picture,  in  which  there  appeared  ulcer- 
ations at  the  point  of  inoculation,  most  extensive  cuta- 
neous eruption,  nervous  and  cerebral  disturbances,  and 
indolent  swelling  of  the  glands. 

At  the  autopsies  there  were  found,  in  the  first  animal, 
iBchemic  alterations  in  the  brain  (areas  of  softening);  in 
the  second,  leptomeningitis  and  endocarditis;  in  the  third, 
hsmatocepbalus  internus.  Of  other  disturbances  there 
were,  especially,  multiple  swellings  of  lymph-glands. 

Microscopically,  periarterial  processes  like  those  in  syph- 
ilis appear,  but  the  examinations  are  insufficiently  pene- 
trating throughout.  The  pathogenic  organism  was  never 
successfully  isolated  again  from  one  of  the  inoculated 
animals,  and  none  of  the  animals  was  completely  studied 
baoteriologically ;  in  short,  scarcely  anything  can  be  con- 
cluded from  the  animal  experiments. 

Van  Niesson  finally  attaches  valtie  to  the  demonstration 
of  an  agglutination  of  his  organism  by  serum  from  syph- 
ilitic patients. 
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Mycobacteria  which  Qrow  Luxuriantly  at  Room  Tei 
perature. 

JMrraturr. — Tlie  real  discoverer  of  these  organ isnia  in  butter  is  Petrf.'S 
He  pointed  them  out  to  K.  Koch  in  Jnly,  lUtKi,  »ho  ezprrsaed  htB 
belief  tlittt  they  were  different  (nun  true  tubercle  liauilli,  which  waa 
also  the  opinion  oF  Petri.  A  su'hseqncntly  undertaken  inventigataon 
by  Lydia  Rabinowitsch  at  Koeh's  soggestion  appeared  before  Petri's 
work  oa  a  preliminary  onmniimicntion  in  the  Dentaoh.  med.  Wuobeti- 
Bohr,,  Aug.  S,  1897,  and  in  detaU  in  Z.  H.  xxvi,  Ifl97,  90.  Petri's 
work  was  published  (A.  G.  A.  xiv,  1,  1S08)  after  he  hod  published  » 
note  ooDoerning  it  in  the  H.  R,  Ang.  15,  1897. 

Fnrther  importAut  cominnnicatiooa  arc  ;  Hormann  and  Morgeiuoth 
(R.  B.,  1898, 217  and  1081 ) ;  Moeller  (Verb.  d.  Uesell.  deut.  Naturf.  n. 
Aerzt«,  18S8;  Deutsche  med.  Wocheniwhr.,  1^98  j  and C.  B.  xxy,3U9); 
O.  Bohal(«ieaud  Lab»rsch  (Z.  H,  xx\i,  153). 

The  most  interesting  discovery  in  the  field  of  the  mor- 
phology of  bacteria  during  the  past  three  years  is  to  be 
considered  that  of  the  niicro-orgunisnis  resembling  the 
tubercle  bacillus.  Three  years  ago  every  acid-proof  bao- 
terimn  was  a  "tubercle  or  lepra  bacillus";  to-day  we 
^ow,  through  the  harmonizing  labors  of  many  investi- 
gators* (Petri,  Rabinowitsch,  Moeller,  and  others)  that 
acid-proof  varieties  occur  not  infrequently  in  the  environa 
of  men  and  domestic  animals.  Still,  their  dififerential  diag- 
nosis from  the  Mycobacterium  tuberculosis  appears  quite 
easy,  and  yet  the  forms  now  known  approach  it  in  so 
many  characteristics  that,  after  the  experiences  with  diph- 
theria and  cholera,  we  must  expect  that  still  further  diffi- 
culties will  arise  after  more  extensive  studies.  The  exceed- 
ingly interesting  forma  piscicola  of  the  Mycob.  tuberculosia 
described  on  page  420  shows  us  to  what  a  degree  the  true 
T.  B.  culture  may  change  biologically  (growth  at  room 
temperature,  formation  of  a  violet  pigment  in  milk). 
Who  knows  how  our  newly  discovered  mycobacteria  cul- 
tures may  change  if  they  are  cultivated  at  incubator  tem- 
perature or  in  the  animal  body  for  many  generations? 

To-day  naturally  it  is  not  possiljle  to  consider  the  Myc. 
tuberculosis,  without  further  knowledge,  as  a  form  of  one 
of  these  organisms,  which   has  been  adapted  to  warm- 

*  In  manure  noid-proot  bneterb  hod  olrcodv  hcca  tottnd  by  sbun- 
g:  Sevwio  (C.  B.  L.  i,  98)  ;  Pemin  (C.  0.  xxii)  ;  Capaldi  (Z.  H. 
I,  IDS). 
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blooded  animals  ;  but  wo  may  hope  that  the  study  of  these 
ktter  will  some  time  discloso  to  ua  much  which  now  ia 
dark  in  the  matter  of  tuberculosis. 

In  connection  with  Dr.  Kuniulis  we  have  studied  all  the 
representatives  of  this  group  which  we  could  obtain;  in  all, 
thirteen  cultures.  By  detailed  systematic  comparison 
they  arrange  themselves  into  two  varieties,  of  which  one 
ahowa  two  or  three  forms. 

Rabinowitsch  haa  pronounced  her  orp^anism  (Myc.  lac- 
ticola)  identical  with  Myc.  pblei.  We  find  certain  rather 
important  differences,  so  that  we  believe  for  the  present 
two  species  should  be  made.  Lubarach's  observations, 
which  we  received  after  our  own  were  entirely  concluded, 
correspond  in  general  very  well  with  oura.  The  patho- 
genic properties  are  so  similar  that  they  may  be  treated 
together. 

Mycobacterium  lactlcola  a  planus.     L.  and  N. 

(PIttW  6J-) 

Synonyms. — Organisms  resembling  tubercle  bacillus 
(TuberculoBbahnlicher)  of  Rubner-Obermiiller,  grass  or- 
ganism II  of  Moeller »  (C.  B.  xxv,  369). 

Microscopic  Appearance.  —  Irregularly  formed, 
shorter  and  longer  rods  of  exceedingly  variable  length, 
stniipiht  or  bent,  partly  acutely  bent,  often  with  clubbed 
swellings;  generally  in  older  cultures  they  are  rather  thick 
and  often  grown  into  threads  of  very  irregular  form. 
Branching  is  present  (64,  x;  63,  vi,  xii  a  and  6). 

They  are  not  motile,  and  stain  with  methylene-blue, 
ordinary  fuchsin,  by  Gram's  method,  and  exactly  like  the 
true  T.  B.  by  the  method  tor  tubercle  bacilli.*  Growth 
occurs  upon  all  nutrient  media,  taking  place  slowly  at 
room  temperature  and  somewhat  more  rapidly  at  incuba- 
tor temperature,  but  always  perceptibly  faster  than  the 
T.  B.  Oxygen  is  indispensable.  In  agar  shake  cultures 
there  is  exceedingly  little  or  no  growth  deep  in  the  tube. 

'  Aocording  to  our  obaervationa,  Mocller'x  gmee  organunn  II  ia  the 
My  p.  phlei. 

>  Id  HDiear  pre)»inlians  the  stnitiing  property  is  iesseued  bjr  agenlq 
employed  in  reuoving  IM. 
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Gelatin  Plate.  —  In  young  cultures  tho  colonies  are 
very  similar  to  the  Bact.  coli  macroscopicuUy ;  Inter  the 
coloni(!8  are  uiore  wrinkled.  When  magnified  sixty  times, 
they  present  a  wavy,  scalloped  border  with  more  or  legs 
wrinkling  internally,  being  very  similar  to  old  colonies  of 
the  Bact.  coli  (64,  vi,  a).  The  deep  colonies  are  not 
characteristic  (64,  vi,  6). 

Glycerin-agar  Plate. — MacroBCopically  at  first  small, 
crumbly  colonieB,  which  later  become  wrinkled  and  ele- 
vated, and  still  later  usually  present  a  delicate  transparent 
peripheral  zone  (64,  ix).  Magnified  sixty  times  the  colo- 
nies are  usually  pronouncedly  graiiular,  always  becoming 
more  transparent  toward  the  periphery,  and  in  this  latt«r 
lone  often  present  proteus-like  markings  (64,  viii), 

Glyccrin-agar  Streak. — After  six  days  at  37"  a  dirty 
grayish-white  growth  with  a  wavy  smooth  bor«ier,  a  fatty 
luster,  numerous  more  or  less  elevated  folds,  and  trans- 
parent in  many  places  (64,  ii).  Sometimes  tho  wrinkling 
from  the  beginning  is  not  so  outspoken,  the  surface  being 
much  more  homogeneous,  and  after  many  weeks  it  is  of  a 
yellow  to  a  coppery  red  color.  The  consistency  of  the 
growth  at  first  is  like  butter,  later  like  saliva,  and  not 
crumbly  and  dry  (64,  ni).  Upon  ordinary  agnr  there 
later  occurs  a  brownish-yeUow  coloration  and  little  wrink- 
Ung  (64,  I). 

Gelatin  Streak  Culture. — The  growth  wob  somewhat 
thinner  anil  more  delicate,  the  wrinkling  more  pronounced 
and  regular.     A  decided  orange  color  did  not  develop. 

Bouillon  Culture. — At  first  turbid,  later  clear.  A 
pellicle  is  sometimes  formed.  The  precipitate  is  moderate 
and  yellowish- white.  In  sugar  bouillon  growth  is  more 
luxuriant,  with  almost  constantly  a  thick  wrinkled  pelli- 
cle on  the  surface,  the  sediment  being  abundant  and  dis- 
sociated with  difficulty.  Milk  is  not  coagulated,  but  after 
a  time  it  becomes  tmnsjiarent  and  sometimes  gelatinous. 
At  the  edge  n  bright  orange  pigment  is  dejiostteil. 

Potato  Culture. — Slightly  elevate<l,  more  or  less  wrin- 
kled, often  also  a  homogeneous  growth,  with  notched  or 
smooth  l)order;  when  older,  there  are  knobby  elevaUone, 
tho  growth  Ix'ing  bright  to  deep  orange,  with  a  fatty  or 
^oist  luster  (64,  v). 
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Indol  ie  formed  in  email  amount  and  H^  in  both 
sugar  bouillon  and  ordinary  bouillon.  Acid  production 
is  limited;  in  10  c.c.  of  2^  grapo-sugar  bouillon  as  much 
as  corresponds  to0.6c.c.  of  decinormal  sodium hydroxid. 
Gas  is  not  formed  in  nutrient  media  containing  sugar. 
Gelatin  is  not  liquefied. 

Distribution. — Found  in  milk,  butter,  grass;  see  page 
435.     For  pathogenesis,  see  page  434. 

^\'e  can  separate  the  following  from  this  only  as  a 
variety : 


Mycobacterium  lacticola  ^  perrugosum.     L.  and  M. 

(PlntefiS,  1-VlI.) 

Synonym.  —  Butter  organism  of  Rabinowitsch.  We 
obtained  two  cultures  which  corresponded  perfectly. 

It  is  very  similar  to  the  Myc.  lacticola  o  planum,  and 
perhapB  only  a  cultural  form  of  the  same,  for  Rabino- 
witsch described  the  young  cultures  as  moist,  thick,  and 
creamy  when  cultivated  direct  from  the  animal  body,  and 
only  after  multiple  passages  through  animals  do  they 
acquire  the  dry,  early  wrinkled  character  which  this  form 
presents. 

Regarding  the  microsropic  character,  nothing  B]>ecial  ib 
to  be  saitl.  We  report,  in  detail,  regarding  the  growths  of 
these  fonns  because  of  the  interest  which  they  now  possess. 

Glycerin-agar  Plate.  —  Maeroscopically  in  a  ehort 
time  there  appear  much  wrinkled,  irn^ularly  dentate,  dry 
scales,  which  later  increase  perceptibly  in  size.  They  are 
transparent,  grayish- white,  and  are  easily  lifted  from  the 
surface  and  broken  up  (63,  iv).  When  magnified  sixty 
times,  the  smallest  and  youngest  colonies  are  very  granu- 
lar; being  fringed  and  torn  at  the  periphery,  grayish-white 
and  transparent  (63,  in).  Later  they  become  opaque, 
brown  to  gray,  with  irregularly  distributed  markings, 
often  spotted  like  a  panther's  skin  (63,  ii).  The  gelatin 
plates  are  scarcely  different. 

Glycerin-agar  Streak  Culture. — Similar  to  the  growth 
on  the  plates;  there  occurs  here  also  an  abundant,  wrin- 
kled,   dry  formation,  which  is   extraordinarily  Uka  yaa. 
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growth  of  the  true  T.  B.  Especially  when  young,  the 
cultures  are  easily  mistaken  for  it.  Later  the  growth  be- 
comus  colored  somewhat  orange  to  copiwry  red  (63,  i) 
(RabinowitBch). 

In  bouillon  cultures  a  thick,  wrinkled  pellicle  is 
formed  very  early.  Still,  the  fluid  remains  clear,  with 
scarcely  any  precipitate,  indicating  aerobic  growth.  There 
is  a  disagreeable  aninioniacal  odor  (Riibinowitsch).  In 
sugar  bouillon  the  pellicle- formation  is  stilt  more  pro- 
noun ce<l. 

Milk  Culture. — Like  thtise  of  Mycob.  lact.  a  planum. 

Potato  Culture. — At  first  tliere  is  a  whitish  to  bright 
ornnge  growth,  with  some  elevation.  After  a  ehort  time 
it  becomes  wrinkled,  and  in  older  cultures  this  is  especially 
prominent,  similar  to  the  appearance  of  glycerin-agar 
streak  cultures.  The  growth  is  dull,  rather  drj',  scarcely 
at  all  glistening.  Indol  is  not  fomieii;  according  to  Rabi- 
nowitsch,  there  is  a  trace.  H^  is  produced  in  ordinary 
bouillon  only.  Acid  production:  In  lOcc.  of  sugarlwuil- 
lon  as  much  as  corresponds  to  0.8  c.c.  of  decinormal 
sodium  hydroxid.  There  is  no  liberation  of  gas,  and 
gelatin  is  not  liquefied. 

Tlic  Bacillus  fribiugensis  desinibed  by  Kom   {C.  B.  XZT,  I 
stands  about  midway  bc^WLfn  Myc.    lacticoln  "  pjiuium  ttnd  fi  ,. 
niKomim,  nnd,  uccordioK  to  our  nomenrlature,  may  be  called  Mjt 
bacterium  laclicoU  y  friburgense  (Kom)  L.  andN.     Upon  gin 

Xtho  atnnk  gron'th  at  firnt  is  whlt«,  aiid  more  luxuriant  thi 
uni;  latertbere  fortu  stnniy,  wrinkled  elevations,  wfaiob  in  ft 
capecialty  at  room  t4?mprratiire,  lieooiiif  onjipury  red. 
Kora  (fives  Uie  rojiowinfi;  an  characlcrislic: 

1.  Bt^ne  by  Ziehl-NeelHcn's  metbud  especially  well  and  is  li 
innueiKcd  by  acids. 

2.  Uniform  growlh — not  interrupted— in  ^clatiu  slab. 

3.  The  Hurtace  of  the  nuar  culture  in  depressed  in  the  c«nt(T,  1 
peripherol  zone  being  elevated. 

4.  Upon  bouillon  it  prodtices  a  ilinagreeable  lint  not  a 
odor.     Tlie  chametrristics  are  partly  iiioonatant,  pftttly  iinemuitial.  j 

InoenlfttioQ  with  lanie  quantities  of  pure  culture  and  diai 
oipuui  causes  no  diiteoBe  in  icuincn-piKB.  rabbite,  chickens,  and  pigi 
Mliite  miec  are  readily  indicted  by  the  intrsperitonenl  injection  of  Q 
c-c,  of  M  snuptnsion.  The  uniiiialn  die  in  fnm  four  t«  forty  days,  «" 
pneent  ouuuve  nodnlea  in  all  Iho  abd<Hniiuil  or^oa. 


MYCOBACTERIUM  PHLKI. 


Mycobacterium  phlei.' 

(Plate  63, 


(Moeller.)     L.  and  N. 

.lll-SII.) 


We  here  connider  the  mioro-orgitniHins  deacrihed  under  the  toUon- 
iQg  luuuesi :  *'M(ieller'H  manare  orgBnimi,"  Mueller's )CTai«or)[iuiiBra 
1,  from  timothy  fftea,  Petri's  batter  organism.  Jud^iiR  from  his  in- 
sufficient description,  Petri  appears  to  have  often  found  ftl«>  the  Myo. 
lacticola,  bat  he  did  not  distingnislk  the  fonns.  We  do  not  believe 
any  great  value  can  be  attuched  to  the  inaigniflcant  dilTerences  be- 
tween these  cultures  (bonillon  dtfFnsely  cloudy  or  only  with  n  pre- 
cipitate). The  work  of  Dr.  KumuliH  will  oontain  details  regarding 
this.     Obvionely  the  timothy  organism  of  Lnbarach  also  belongs  here. 

Literature.— Vetn  (A.  G.  A.  IIV,  1).  Lobaraoh  (Z.  H.  xxxi, 
153). 

Microscopic  Appearance. — After  growing  for  three 
or  four  days  the  rods  are  strikingly  flhort  and  thick,  and 
in  this  condition  resemble  the  Corynubact.  paeudophtherit- 
icum  very  much.  Later  they  become  longer,  eometiiiiee 
clubbed  ;  they  also  branch,  and  are  tlien  not  distinguish* 
able  from  the  two  preceding  varietiea  (63,  xii,  a  and  6). 
They  ore  not  motile.  The  staining  properties,  intensity  of 
growth,  and  relation  to  oxygen  are  just  the  same  as  in  the 
Myeobact.  lacticola. 

Glycerin-agar  Plate. — After  a  few  days  the  macro- 
scopic colonies  are  orange-red,  with  a  wavy  smooth  border, 
without  wrinkles  and  with  a  moist  luster  (63,  xi).  When 
magnified  sixty  times,  the  colotiios  ase  transparent,  with  a 
dark  nucleus  and  markings  like  cnrls  of  hair.  Toward  the 
periphery  is  a  delicate,  transparent,  more  or  less  crumbly 
zone  with  a  fringed,  notched  border  (63,  ix).  Later  the  in- 
terior of  the  colony  becomes  darker  ancl  more  opaque  ; 
only  at  the  edge  is  there  a  delicate,  veil-like  zone. 

Glycerin-agar  Streak  Culture. —  Luxuriant,  succu- 
lent, bright  orange-red,  homogeneous  growth,  which  in 
time  present*  knohby  elevations,  but  yet  later,  and  especially 
in  very  old  cultures,  a  considerable  wrinkling  appears,  and 
then,  except  by  the  color,  it  is  indistinguishable  from 
Mycob.  lacticola  jS  perrugosum  (63,  vin).  In  the  gelatin 
streak  culture  the  wrinkling  is  never  bo  marked; 
eral,  the  growth  on  gelatin  is  somewhat  less. 

Bouillon  Culture. — Sometimes  there  is  a  thin  pellicle ; 

'  Timothy-graBS  is  scientiiimlly  ealled  Phteam  pralrnne. 
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in  other  respecU  it  ii  rather  variable ;  the  fluid  is  oftoi*" 
almost  clear,  with  a  slight  orange  Bedlment,  which  rises  ap 
in  columns  upon  shaking.     At  other  times  there  is  a  slight 
transitory  cloudiness.     In  augar  bouillon  the  growths  are 
identical. 

Milk  culture  exactly  like  Mycob.  laeticola. 
Potato  Culture. — Like  that  of  the  glycerin-agar  streah, 
Indol  is  produced  only  as  a  trace,  HjS  not  at  all,  and 
also  no  pas  is  liberated.     Acid  production  is  the  same  as 
by  Mycob.  laeticola.     Gelatin  ia  not  Uquetied. 

Pathogenic  Effects  of   Alycobacterium   laeticola  and 
phlei.i 

According  to  the  descriptions  of  all  authors,  the  imtho- 
genic  action  of  these  varieties  is  so  siuitlar  that  it  is  not 
worth  while  to  treat  them  separately. 

It  is  i^eed  that  the  organisms  are  essentially  less  patho- 
genic without  tlie  simultaneous  injection  of  butter,  and  even 
that  the  resulting  peritonitis  (adhesions,  membranous  for- 
mations, fibrinous  and  purulent  exudates)  may  be  depen- 
dent upon  the  injection  of  butter  alone  (Horiiiann  and 
Morgenroth);  still,  the  intraperitoneal  injection  of  large 
quantities  of  pure  cultures  often  produces  an  infection  and 
causes  the  formation  of  nodulea  in  the  abdominal  organs, 
yet  the  process  often  heals.  If  animals  are  killed  three  or 
four  weeks  after  the  injection  of  large  quantities,  the  fol- 
lowing conditions  are  found  ( Rabin owi tech) ;  Slightly  dis- 
tended abdomen,  mors  or  less  severe  peritonitis,  the  peri- 
toneum and  mesentery  beset  with  nodules,  numerous  small 
nodules  Iwneath  the  intestinal  serosa,  mesenteric  glands 
perceptibly  swollen  and  often  coseated.  Likewise  the  liver, 
spleen,  and  kidneys  show  yellowish  exudation  in  nodules 
in  variable  degrees.  The  lungs  exhibit,  at  most,  numer- 
ous transparent  nodules,  and  are  usually  free  from  more 
serious  disease.  The  transfer  of  small  pieces  of  the  organs 
to  a  new  animal  transfers  the  disease,  according  to  Rabino- 

'  Animnl  piperimenti  Appear  bo  have  been  pcrfoniuyl  by  Kobino- 
wibwL,  Homuinn,  and  MotRenroth  cucliwivelj,  and  by  Petri  in  pttrt, 
with  Myc.  lafitioulB.  Pftri  and  Moi-Uer  h»vo  worked  wilh  Myc 
phlei.  Also  Korn's  experimciita  with  hia  Myo.  frlbargeiiBe  coirespottd 
except  in  unratentiai  matters. 
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witsch;  but  according  to  Petri,  and  Hormann  and  Morgen- 
roth,  thia  only  occurs  if  tuberculosis  is  siiiiultaueously 
preeent. 

When  butter  is  experimented  with  (4  to  5  c.c  of  the 
previously  thoroughly  mixed  maaa,  melted  at  37°  and 
containing  butter-fat,  watery  part,  and  casein  layers),  if 
the  bacilli  are  present  in  abundance,  a  fatal  result  often 
follows  the  injection  after  three  to  fifteen  days.  There 
are  then  found  changes  similar  to  those  described  above, 
only  very  much  more  intense,  the  abdominal  organs  being 
covered  with  well-developed  inflammatory,  fibrinous  mem- 
branes which  are  swarming  with  the  oi^anisms. 

Rabinowitsch  found  rabbits  insusceptible  in  contrast  to 
guinea-pigs.  It  is  generally  admitted  that  guinea-pigs  are 
the  most  suitable  experimental  animals,  although  single 
reports  concerning  infection  <rf  rabbits  are  not  lacking. 

Korn  could  infect  only  mice  with  the  pure  culture  of 
his  Fribui^ensia  (0.5  c.c.  of  a  suspension  or  larger  doses). 

Whether  injected  into  the  blood-vessels,  subdurally,  or 
into  the  kidneys,  the  organisms  produce  more  or  less 
well-developed  areas,  such  as  described  on  page  416  in 
true  tuberculosis:  i.e.,  formations  resembling  actinomy- 
cosis, but  which  disappear  in  the  course  of  mnntbe.  The 
animal  body  destroys  the  organisms  which  are  introduced 
(Lubarach  and  0.  Schultze). 

Also,  in  the  structure  of  the  accompanying  miliary 
tubercles,  these  authors  can  often  detect  no  difference  from 
those  of  true  tuberculosis. 

Little  has  yet  been  learned  concerning  the  distribution 
of  the  organisms  resembling  the  Mycobac,  tuberculosis. 
However,  it  appears  very  wide,  for  about  eojfe  of  butter 
samples  in  Berlin  contained  euch  organisms,  and  the  in- 
vestigations of  Moeller  demonstrated  their  frequent  occur- 
rence in  manure,  on  grasses,  elfi.  Lubarsch  and  Dieu- 
donn6  verified  this. 

To  obtain  the  acid-proof  bacteria  from  butter,  about  4 
gm.  are  injected  intraperitoneally  in  two  guinea-pigs  with 
a  wide  cannula,  as  indicated  above.  After  about  six  to  ten 
days  the  animals,  it  not  dead,  are  killed,  and  cultures  are 
prepared  from  the  contents  of  the  abilominal  cavity  which 
yield  acid-proof  bacteria,  growing  at  room  temperature. 
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To  cultivate  the  organiBms  from  grass,  the  grass  is  cov- 
ered with  water  (Phleum  prat^nse  is  especially  recom- 
nicnded)  and  allowed  to  remain  at  37'*  for  tMrteen  to 
twenty-four  hours.  When  frequent  (every  two  hours) 
examinations  have  deinonetrated  that  acid-proof  organ- 
isms are  present  in  quantity,  plates  are  prepared. 

It  cannot  be  stated  with  certainty  whether  these  now 
varietiea  of  mycobacteria  may  also  be  pathogenic  for  mail. 
So  far  as  we  know,  no  acid-i»roof  organisms  whicli  grow 
upon  all  nutrient  media  and  at  room  temperature  have 
been  cultivated  from  the  sputum  in  cases  of  pulmonary 
diseases  or  from  human  organs. 

Ginsberg  stained  numerous  bacteria  from  two  cases  of 
eye  disease,  which  were  closely  related  to  the  T.  B. ,  but 
they  were  not  cultivated  (C.  B.  xxii,  62). 

Flexner  described  a  Streptothrix  pseud otuherculosa  Fl. 
from  the  lung  of  an  old  negro,  growing  with  beautiful 
branching,  staining  by  Gram's  method,  but  im|ierfectly 
acid-proof  with  the  T.  B.  slain,  and  not  certainly  patho- 
genic for  guinea-pigs  (Jour,  of  Exp.  Med.,  m,  436). 

Differential   Diagnosis  of  the  Mycobact.  tuberculosis 
(Tubercle  Bacillus;  T.  B.)- 

1.  If  the  T,  B.  is  to  be  distinguished  from  bacteria 
wbicb  are  not  acid-proof,  simple  preparations  are  stained 
by  the  Ziebl-Neelaen  method.  Those  which  do  not  stain 
can  be  left  out  of  question.  T.  B.  which  do  not  stain  by 
the  Ziehl-Neelsen  method  are  unknown. 

In  the  examination  of  sputum  one  proceeds  as  follows: 
The  sputum  is  to  be  obtained  as  free  as  possible  from 
foods  and  secretions  from  the  mouth,  and  it  is  best  col- 
lected in  a  sterile  dish  after  the  moutb  has  been  well 
washed  with  water.  Of  the  sjiutum,  the  more  purulent 
(not  mucous)  portions,  which  are  in  lumps,  are  selected, 
spread  upon  the  cover-glass,  and  stained  (see  Technical 
Amiendii). 

If  no  bacilli  are  found  in  a  few  preparations,  although 
tuberculosis  is  euspccled  of  being  present,  then  one  of  the 
nioresearching  methods  doBcribtid  in  tbe  Tecbnicjil  Appen- 
dix must  be  employed  in  the  attempt  to  discover  isolated 
bacteria. 
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2.  For  the  differentiation  of  T.  B.  from  lepra  and 
smegma  bacilli  the  present  methods  scarcely  suffice.  T.  B. 
are  difficult  to  cultivate;  lepra  and  smegma  organiBme  are 
only  very  rarelj'  cultivated  successfully.  For  the  tincto- 
rial differences,  see  pages  422  and  425. 

3.  There  is  no  difficulty  in  differentiating  the  T.  B. 
from  "  pseudotubercle  bacilli  "  which  grow  well  at  room 
temperature,  bo  long  as  only  one  variety  is  present.  Agar 
or  gelatin  plates  are  prepared  and  kept  at  22".  True 
tubercle  bacilli  do  not  grow  at  jill,  at  least  when  they  come 
from  warm-blooded  animals,  while  the  false  varieties  grow 
out  well  in  two  to  four  days.  Reinoculations  are  made 
upon  glycerin-agar  and  into  bouillon  in  order  to  differen- 
tiate Myc.  phlei  and  Myc.  lacticola. 

We  arc  unable  to  suggest  a  method  for  recognizing  cul- 
turally the  true  T.  B.  when  associated  with  large  nunibera 
of  bacilli  resembling  it ;  in  cultures  the  true  T.  B.  would 
be  overgrown.  According  to  the  present  state  of  our 
knowledge,  a  guinea-pig  must  be  injected  intraperi tone- 
ally  with  a  moderate  amount  of  the  mixture. 

If  the  guinea-pig  dies  after  the  intraperitoneal  injection 
of  small  amounts  of  culture  fonc  looptul)  and  without  the 
addition  of  butter,  with  well-marked  tuberculous  changes 
in  the  abdominal  cavity  (enlargement  of  liver  and  spleen), 
and  with  involvement  of  the  respiratory  organs,  these  speak 
in  favor  of  true  tuberculosis.  The  histologic  examination 
must  give  a  predominance  of  txue,  giant-ceJled  tubercles  ; 
and  from  the  nodes  and  nodules  organisms  must  be  culti- 
vated which  will  not  grow  at  room  temperature  and  on  ordi- 
nary nutrient  media,  but  at  incubator  temperature  and  upon 
ascites-glycerin-^ar  in  the  case  of  true  T,  B.  Since  death 
from  tuberculosis  in  guinea-pigs  usually  occurs  six  weeks 
after  the  infection,  bSore  that  the  few  germs  resembling 
the  T.  B.  are  absorbed  and  liave  disappeared. 

4.  To  determine  whether  a  person  or  an  animal  is  tuber- 
culous, the  injection  of  tulwrculin  is  often  made  use  of. 
Although  it  does  not  Ia<^k  in  individual  contradictory  re- 
sults, yet  there  is  no  doubt  that  the  tuberculin  reaction 
constitutes  a  very  important  aid. 

It  is  customary  to  inject  cows  suhcutnneously  with  0.3 
to  0.5  C.C.  of  tuberculin,  and  to  observe  whether  an  elevBr 
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tion  of  temperature  of  1.5"  to  2°  or  2.5"  occurs  after  twelve 
to  fifteen  hours.  A  French  commission  speaks  especially 
favorably  of  it  (C.  B.  six,  645).  The  reaction  sometimes 
is  absent  when  the  animal  is  extensively  diseased,  but  for 
these  caaes  the  reaction  is  not  required.  It  scarcely  ever 
appears  in  healthy  animals,  and  here  it  is  to  be  remem- 
bered that  small  areas  are  often  to  he  found  with  diffi- 
culty at  the  postmortem.  The  result  is  not  influenced  by 
other  diseases  in  cattle.  Exceedingly  rarely,  latent  tuber- 
culosis is  stimulated  to  new  activity.  It  is  of  importance 
that  an  animal  often  fails  to  give  a  positive  reaction  a  sec- 
ond time  for  a  month  after  a  typical  reaction  was  first  ob- 
tained. 

The  question  does  not  appear  to  have  been  investigated 
as  to  whether  the  tuberculin  reaction  occurs  in  animals  in- 
fected with  Mycob.  lacticola  and  Mycoh,  phlei. 

Naturally  it  is  much  more  difficult  to  corae  to  a  con- 
clusion regarding  the  reliability  of  the  tuberculin  reaction 
in  man,  since  it  cannot  be  controlled  subsequently  by 
thorough  postmortem  examinations;  at  any  rate  the  injeo- 
tlon  of  tuberculin  in  man  for  dingnostic  purposes  is*  not 
employed  to  any  great  extent. 


3.  Actinomyces.     Harz,  emend.  Gasperini. 

Growths  upon  snUd  nutrient  media  are  elevated,  tough, 
more  or  lees  wrinkled,  often  cartilaginous.      Microsoopi- 
cally,  they  appear  as  long,  thin ,  elongated  mycelial  threads, 
the  young  ones  with  homogeneous  contents  without  par-  J 
tition  walls,  without  a  developed  covering,  and  with  abun-  | 
dant,  true  branches.     In  older  threads  there  can  be  dis- 
Unctly  recognized  a  delicate  membrane,  and  within  it  the  . 
colored  contents,  broken  up  into  fragmenta.     Positive  cell  I 
divisions  are  rarely  observed  in  cultures  of  varieties  of  bc- 
tinomycee,     Somo  varieties,  in  the  animal  body,  present  i 
clubbed  enlargements  upon  the  ends  of  the  radially  ar-  ^ 
ranged  threads,  which  are  to  be  explained  as  thickenings  | 
of  the  sheath  (see  below).     Many  species  form  chainsot 
short  colorless  spores  (conidia^  upon  thickened  airhyphn  I 
(two  to  ten  times  thicker  than  the  threads)  which  rise  i 
above  the  solid  medium  and  compact  culture  film  like  a  | 
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white  mold.  Not  infrequently  c)iaiiiB  of  conidia  are  formed 
when  the  culture  is  submerged  in  river-water  or  4%  sugar 
solution  ;  yet  here  the  spore  chains  are  copiously  branched, 
and  the  segmentation  may  even  encroach  far  upon  the 
threads  (Gasperini,  Lachner-Sandoval).  Also  some  au- 
thors describe  the  occurrence  of  spore-like  formations  in 
the  interior  of  the  threads,  but  we  have  never  certainly 
seen  it  According  to  I^chner-Sandoval,  this  is  only  a 
fragmentation  of  the  contents  of  the  threads,  which  must 
not  be  interpreted  as  spore- formation  even  if  it  can  be 
demonstrated  that  such  fragments  of  threads  cicatrize  at 
tlie  ends  and  later  grow  out  again.  They  are  not  stained 
by  the  T,  B.  method,  but  always  by  Gram's  method.  * 

Key  to  Some  of  the  More  Important  Varieties  of  the 
Genus  Actinomyces. 

(A)  Fatbogenie  rarietifg,  with  eliilnUsl  swellhiga  nt  the  ends  of  the 
threoda  in  the  aniinal  body.  Uikhi  ortiEcidl  nutrient  mcdui  the  tor- 
matioD  of  dabs  ui  mre ;  conidia  are  Boinetimes  produced  in  cultures, 
sometimes  not, 

(a)  No  f^rowth  below  23°,  no  fcri)Wth  on  potuto,  no  nir  mycelium, 
tonuution  of  clubs  in  artificial  cultures  vciy  limited.  Pnthogenic  tor 
mlibilB.     Actinomyces  Hofmanni.    (Grulier.)    Gaaperini.   Page  447. 

{b)  Grow  below^S"  and  upon  piitnto;  (ormntions  ot  clubs  in  cul- 
turea  scarcely  ever  obaerved. 

1.  Agar  cultures,  yellowiali-oron^,  knobby,  sometimes  with  air 
myc«tiuni.  Gelatin  slowly  liquefied.  Typical  club-turmation  in  the 
body.  Cause  of  tho  typical  ray-faQgns  disease  in  cattle  ood  man. 
Actinoniyces  bovi«.    Gasp.     Page  440. 

2.  Af^r  growth,  dry,  granular,  scanty.  Pathogenic  (or  cattle. 
Clnba  have  not  been  demonstrated  iu  the  animal.  AclinomyccB  far- 
cinicus.    Onsp.     Page  447. 

3.  Agar  culture,  a  luxuriant,  wrinkled,  orange-yellow  layer,  with 

I  For  the  liinitationH  and  naming  ot  this  genuii,  sec  Lnchner-Sandn- 
val,  TTeher  Bbablenpilze,  Bonn,  189H;  ^uvagean  and  Kadais  |A.  I'. 
VI,  343,  Sur  de  genre  Oospora) ;  and  our  discuraion  on  page  137.  Re- 
garding the  species,  thr  following  artiolea  arc  also  imixirtant;  Alm- 
quist  (Z.  H.  VUT,  189, 1R90),  Gasperini  (Annalea  de  Mierograpbie,  HA. 
II,  449,  1890),  and  Annal.  dell'lsHt.  d'lgiene  di  Boma,  IT,  1893, 
166  (C.  B.  XV.  RB4).  Rossi  Doria  (Annal  dcll'Ist.  d'Ig.  do  Roma, 
Bd.  I,  1S!I3,  3119).     See  also  Berestne-n  (Z.  U.  XXIX,  94). 

'  While  we  onrwives  naturally  appreciate  that  this  key  is  not  satis- 
factory, onr  information  docs  not  allow  us  as  yet  to  prepare  a  better 
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air  hyphe.     PBthogeniQ  for  rabbita.     Typical   olubs  formed  i 
aoinuil.     Actinomyces  aateroides.     Gasp.     I'afw  449. 

4.  Agar  growth  wUltish-red.    Ouiidin  are  fiirincd.    Beautifol  olnl 
in  the  oiiinial.     Aciinomycea  maduce.     LachDer.     PagQ  452. 

{It)  Nen-palAogcnic  mri^itg: 

1.  Grciwtli    oolorleaa,    nutrient    medium    brown.      Actinomyt 
chromogenes.     Gasp.     Page  452. 

2,  Gruwthoolorle>«,natrientmediumco1orle98.  Act. chromaKenM 
Oiwp.     ^  alba  L.  and  N.     Pnge  455. 

.1.  Growth  colorless,  nutrient  medium  colored  violet.     Act.  violv^ 
ecus.     Gasi>.     Page  456. 

4.  For  vnrietiea   with  other  eolora,  aee  Gaaperini'a  Act.  cj 
albido-flavus,  citreua,  etc,  pages  451-456. 


Actinomyces  bovis.     Harz. 

(Plufees.) 

Synonyms. — Actinomyces  bovia  Harz,  Act.  bovis  aid 
phureue  Gasp.,  Nocartiia  Aclinomyces  de  Toni  e  Trevisai 
Stre.ptothrix   Aetinoiuycus    Rossi    Doria,    Oospora  boviS 
Sauv.  et  Rad»is. 

Common  Names.— Ray  fungi,  Actinomyces. 

Literature. — Israel   (Virohow's  Archiv,   Bd.  74,  15;  and  78,  42lti 
Bostri>m  (Ziegler'H  BeitriiKC,  Bd,  ix,  1).    "ActinoniykoBis"  in  T  ' 
buifn'a   RealeneyclopiBdie,   Bd.  I,    1S94,  by   Birch-Hireolifeld. 
(C.  B.  xviii.  Itil). 

Microscopic  Appearance. — In  the  body  of  men  i 
animals  the  organism  forms  snnd-like  masses,  0.2  to  O.f 
or  even  as  large  as  1.2  mm.  in  diameter,  of  a  gray,  yelloifJ 
red,   Bometimes  also  green   color,  and  when  young,  of  S 
soft,   and   when   older  of  a  tougher  consistency.      Th^ 
masses  are  made  up  of  a  ball  of  threads,   the  thre 
being  radially   arranged   at  the  periphery  and  provided 
with  characteristic,  club-like  formations,  which  are  to  fa 
considered  as  derived  from  the  gelatinous  membranes  a 
the  threads  (Bostriim).     The    threads  terminate  in  tlu 
clubs,  either  free  or  with  slight   bud-like  enlargemenfafl 
(Fig.  20,  (1,  b).     The  threads  show  true  branching,    amm 
thin  (0.4-0.6  iu),  partly  without  di\Tsion,  partly  aiiiiarently. 
composed   of   longer  and   shorter  fragments.     Tliu  suivfl 
rounding  "membrane"  is  very  delicate.     In  the  interiosM 
>f  the  colonies,  there  are    usually   found   between  the  I 
^ireads,  cocei-Iike  formations,  which   originate  from  fre- 
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threads,      ^^| 
les  (Fig.      ^1 


quent  fragmentation  of  the  contents  of  the  long 
and  later  may  be  outside  of  the  empty  membranes 
20,  e).  These  are  not  endospores!  Older  clubs  become 
notched  and  cut,  so  that  structures  like  an  asparagus 
head  may  occur  (Fig.  20,  a).  Often  branched  threads 
reach  far  beyond  the  zone  with  the  clube  (Fig.  20,  d). 
Sometimes  clubs  are  entirely  absent.  Many  actinomyces 
masses  are  dead  when  expelled  in  pus. 

In  cultures  the  branching  mycelium  is  easily  obtained 
(65,  ix);  the  clubs  are  found  only  in  the  deepest  layers 
of  the  nutrient  medium. 

Staining  Properties. — The  threads,  but  not  the  clubs, 
are  best  stained  by  Grain's  method;  afterward  the  clubs 
may  be  stained  red  with  saffranin  and  diffusely  staining 
carmine.  According  to  Berestnew  (Z.  H.  xxix,  94),  young 
actinomyces  clubs  stain  byZieht's  method,  sometimes  also 
by  Gram's  method. 

Relation  to  Oxygen.— Grows  aerobically  and  anaero- 
bically,  but  bettur  aerobically  (Bostrom).  The  growth  is 
limited. 

Chromogenesis. — The  production  of  pigment  is  ex- 
ceedingly variable;  from  white  to  various  shades  of  yellow, 
orange,  rusty,  and  brown  appear  to  occur  upon  the  various 
nutrient  media;  the  darker  tones  at  least  predominate 
upon  serum  media,  the  brighter  ones  on  gelatin. 

Gelatin  Plate. — (o)  Natural  size:  After  six  days  the 
colonics  have  a  very  irregular  outline,  are  yellowish- 
gray,  shining,  sometimes  fairly  elevated  above  the  sur- 
face of  the  gelatin,  Bometimes  growing  deeply  into  it  (65, 

IV). 

(6)  Magnijkd  sixty  limM:  Dark  yellowish-gray,  homo- 
geneously shaded  colonies,  sometimes  presenting  more 
or  less  distinct  concentric  rings.  Tlie  peripheral  zone  is 
dark  and  beset  with  fine,  curly  hair  (65,  vii). 

Gelatin  Stab. — Surface  growth  at  first  is  whitish-yelli  , 
flatly  elevated,  faintly  shining,  rather  tough ;  later  the 
growth  sinks  into  the  gelatin  with  tlie  limited  liquefaction, 
leaving  an  air-space  above.  In  the  stab  at  first  there  are 
small  yellowish -white  clumps,  which  later  have  bristly 
outgrowths  (6.5,  m). 

Agar    Plate .  —  Macroscopically    and   mviTQWK^v;^!^ 


'J 


b.  Clubs  with  threftdal 
wliioh  oontniu  fragmente  r»>  I 
sembliog  ooaci. 


with  threads  extending  I 
bejond  the  clubB. 


/,  Section  l)irou>[h  )  of  a  perfeotif  | 
di'velojini  dustw. 
Pig.   30 — Pumuitiuu  ot  clabi   iti    Actinomyces  \w\\x.      Ilacz   (after  J 
BiMtrum).     (ii,   b,  and   -^  are   hi^hJy  imiKniliMi— nbuut   1000  la  1 
SOpOUiDm;  d,  r,  and /,  alight  ly  magnilied.) 
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scarcely  diatinguisbable  from  those  in  gelatin  plates,  ex- 
cept that  the  colors  are  fainter. 

Agar  Streak.— At  first  delicate,  like  dewdrops ;  then 
thore  slowly  forms  (after  six  to  ten  days)  a  whitish  to 
whitish-yellow  growth  with  an  abruptly  scailuped  border, 
faintly  lustrous  and  fairly  elevated.  This  gradually  comes 
to  resemble  a  growth  of  Mycobacterium  lacticola  with  its 
elevated  paddings  and  ridges.  After  a  very  long  time 
(thirty  days)  the  growth  gradually  becomes  dry,  sinks  in, 
and  the  color  changes  from  white  to  yellow  or  brown. 
The  culture  appears  to  grow  deeper  into  the  nutrient 
medium,  and  often  becomes  surrounded  by  a  more  deli- 
cate zone,  but  in  our  cultures,  in  distinction  to  Bostrijm's, 
no  air  hyjihw  and  no  downy  appearance  was  formed.  The 
water  of  condetifMition  remained  clear. 

Serum  Streak  Culture  (after  Bostrom). — At  first  the 
colonies  are  like  dewdrops,  which  first  become  a  little 
broader  and  thicker ;  then,  extending  out  from  some  places, 
a  whitish,  velvety,  dry  covering  is  obtained.  While  the 
surface  of  the  colony  which  is  turned  toward  the  serum 
gradually  becomes  colored  from  yellowisb-orange  to  brick- 
red, — as  do  the  older,  puffed  portions  of  the  growth, — a 
delicate  border  of  transpareat  bristling  hairs  is  formed 
about  the  growth,  in  which  later  there  form  anew  little  but- 
tons and  puffs,  which  are  first  whitish  and  then  change  to 
yellowish  or  reddish. 

Bouillon  Culture. — The  bouillon  remains  clear;  at  the 
bottom  ball-like  masses  form,  which  are  broken  up  with 
difficulty  by  shaking.  Colonies  upon  the  surface  were 
never  observed  by  us  and  rarely  by  Afanassiew.  Micro- 
scopically the  balls  consist  of  threads  with  radially 
arranged  fibers.  Even  in  old  bouillon  cultures  we  could 
see  no  clubs. 

Milk  Culture. — Unchanged  after  eight  days. 

Potato  Culture. — Slightly  knobby,  yellowish- white 
layer,  closely  attached  to  the  potato,  strictly  limited  to  the 
streak.  Often  there  occur  distinct  white,  or  yellow,  and, 
acconling  to  Bostrom,  also  red  spots  (65,  vrn). 

Special  Nutrient  Media.— According  to  Bostrom,  the 
fungus  also  grows  in  non-albuminous  nutrient  media,  and 
even   in  stenlized  water,  as  it  does  in  bo\i.vWs«v, 
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e^,  Wolff  and  Israel  obtained  eB{)ccially  good  dt chotomotu'J 

Conditions  of  "Spore-forntiation."-— In  many  threads 
(not  exclusively,  but  especially,  with  entrance  ot  air)  ' 
there  are  formed  by  continued  transverse  fission,  short  i 
cocci-like  and  roundish  oval  bodies,  which  sometimes  lie 
in  close,  but  usually  in  broken  rows  within  the  empty  and 
finally  torn  membrane  (BostriJm,  Kruse).  Before  the  dis- 
charge ot  the  "spores"  the  end  of  the  thread  is  often  some- 
what swollen.     The  "spores"  stain  like  protoplasm,  not 
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Pig.  21. — BonilloQ  Dultuni  of  ActiuumytM.'S  ha\'\&. 

like  the  endospores  of  bacteria.    We  have  seen  nothing  of 
these  structures  ( Fig.  20,  c)  in  either  young  or  old  cultures, 
although  we  took  much  pains  t<i  look  for  them.     Typical  j 
conidia  spores  i;ut  off  in  rows  do  not  appear  to  be  de- 
I  acribed.  i 

Viability  and  Resisting  Properties. — Very  old  cul- 
[  tures  (nine  months)  are  still  alive.  I 

[      Chemical    Activities. — They   have   been    but  little 
I  studied.     The   odor  is  very  faint,  disagreeable  but  not  ' 
^  tnoldy.      Fnim  grape-sugar  within  eight  days,  neithergos    ' 
^or  acid  is  formed,  and  no  Hjti  in  peptone  bouillon. 
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Distribution. — 

(«)  OulsuU  the  body:  They  have  not  been  found,  but 
must  frequently  occur  upon  the  bearda  of  grains  and  graSBes, 
because  infection  most  often  depends  upon  the  penetiation 
of  a  fungus-carrying  barley  btirb,  which  is  often  found  in 
the  actinomycotic  swelling  (BoMtrtim).  (Compare  Berest- 
new,  p.  447.) 

(6)  In  hfntUhy  body :  Never  found. 

(c)  In  diseased  huvum  organiain :  It  is  the  cause  of  oeti- 
noniycosis.  Principal  ports  of  entrance:  (1)  Mucous 
membrane  of  mouth  and  throat;  (2)  respiratory  tract; 
(3)  intestine;  (4)  skin.  Almost  always  beards  and  other 
parts  of  grain  are  the  vehicle;  more  rarely,  wood-  From 
the  primary  areas  the  fungus  is  carried  to  all  parts  of  the 
body  by  means  of  wandering  cells  and  emboli.  The  dis- 
ease in  man  produces  soft  granulation  tissue,  which  ia  not 
encapsulated,  and  has  a  tendency  to  break  down  and  to 
spread  slowly  but  extensively  to  the  surrounding  tissue 
(chronic  phlegmon).  The  formation  of  fiatuliE  favors  the 
extension.  More  rarely  there  are  distinct  tumors,  as  in 
cows.  In  the  actinomycotic  pus  the  actinomyces  bodies 
are  found,  (See  under  Microscopic  Findings.)  There  is 
scarcely  a  tissue  or  an  oi^an  of  the  body  in  which  the 
actinomyces  baa  not  been  demonstrated.  Generalization 
of  the  actinomyces  throughout  the  body  is  rare  (see  Mese- 
ner,  C.  B.  xix,  487). 

In  1892,  421  cases  in  man  were  known.  Recently  acti- 
nomycosis has  also  been  observed  in  America. 

(rf)  In  anivuUa:  Especially  in  cows  (rarely  in  swine, 
dogs,  and  horses).  Formerly  it  was  considered  quite  rare 
(1  in  10,000  to  1  in  3000),  but  it  evidently  is  much  more 
common,  and  simply  overlooked.  Sometimes  it  is  epi- 
demic. The  localization  is  similar  to  that  in  man.  Most 
often  its  seat  is  in  the  marrow  of  the  upper  and  lower  jaw; 
the  marrow  is  traversed  by  soft  granulation  tissue  and 
denser  connective- tissue  musses,  the  medullary  cavity  ia 
enlarged,  and  new  bone  grows  out  from  the  perioateum 
(bony  tumor).  In  other  cases  the  soft  parts  of  the  face 
may  be  primarily  attacked  and  the  bones  first  involved 
from  without.  Also  the  pharynx  and  the  wall  of  the 
stomach   may   be    primarUy   attacked.      The  maxillary 
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swellings  were  formerly  described  as  wliite  Bwelling,  e 
GoiDa  of  the  jaw,  Bpina  ventoaa,  etc. ;  the  disease  of  the 
tongue  aa  "wooden  tongue";  the  growth  in  the  lymph- 
glands  as  sfrofii!;i,  i^tf. 

Experimental  Observations  Regarding  Pathogenic 
Action. — As  ii]i|Hi.-i-i|  In  rii:iny  [msitivc  slatc-nu-ntei,  Bos- 
troin  lukis  tlu'  f^tinid  cnipliutii-iLlly  lh;M,  in  i-xperinients  on 
various  animals,  a  niultijili  cation  of  the  introduced  para- 
sites is  never  observed,  but  only  an  encapsulation  of  the 
same.  The  inoet  recent  investigations  of  Wolff  and  iFfael 
demonstrate  that  sometimes  the  short  rods,  when  intro- 
duced intraperitoneally,  grow  out  into  threads  and  colo- 
nies. They  did  not  succeed  in  producing  a  grave,  progres- 
sive disease  in  tlie  experimental  rahliit«,  and  after  about 
seven  weeks  Uie  organisms  api>ear  to  die  out.  (Ctmipare 
Mycoliactcrium  lacticola  and  phlei,  p.  4^4. ) 

Special  Methods  for  Diagnosis  and  Cultivation. — 
DintptonU :  In  man  very  often  by  recognizing  the  aetino- 
myccs  clusters  with  the  naked  eye,  or  at  le^ast  with  the 
microscope  (unstained  or  with  a  double  stain). 

Cultivation:  For  diagnostic  purposes  it  is  usually  unne- 
cessary. If  a  culture  is  to  be  made,  it  is  best  accomplished 
hy  means  of  numerous  smears  upon  serum  or  ascites-agar, 
nft*r  the  content*  of  the  actinomycotic  swelling  have  been 
thoroughly  rubbed  up  in  a  mortar.  The  tubes  are  to  be 
kept  at  incubator  temperature  and  protected  with  rubber 
caps. 

Wliile  Boetriim  isolated  the  organism  here  dencrihed 
from  all  cases  in  men  aud  cattle,  Itjdian  investigators 
especially  claim  that  other  closely  related  varieties  may 
produce  the  clinical  picture  of  actinomycosis;  for  example, 
the "  Actinomyces  albus  Gasp."  (See  Gasperini,  C.  B. 
XV,  684,  and  p.  455.)  The  "  Cladothrix  liquefaciens 
No.  a"  of  Giirten  (C.  B.  xviii,  2S7)  also  stands  very  close. 
The  Actinomyces  musculorum  suis  Duncker  (Zeitschr. 
f.  Mikrosk.  und  FMschheachau  III,  No.  3),  found  in  Ber- 
lin in  the  pule,  watery  muscles  of  quite  a  number  of  swine, 
is  also  related,  but  it  has  not  been  cultivated.  There  is  the 
formation  of  clubs,  but  characteristic  chiBtere  are  lacking. 

The  organism  described  hy  Kruse  as  the  Strept.  Israeli 

quite  different. 
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Actinomyces  Israeli.     (Kruse.)     L.  and  N. 

Isolated  twice  from  cases  ot  human  actiiioniycosiH, 
grows  best  anaerobically,  exhibits  no  hraiiebing  ayxm 
ordinary  nutrient  media,  and  is  readily  inoculable  into 
animals. 

Other  "  atypical  or  pseudo  "  causes  of  actinomycoBis 
have  been  described  (in  part,  incompletely)  by  Bcrestnew 
(Z.  H.  XXIX,  94,  etc.)-  According  to  him,  organisms  re- 
sembling actinoinycea  can  be  very  easily  obtained  if  par- 
ticles of  barbs,  etc.,  from  grain  are  stuck  into  nutrient 
media  which  are  subsequently  kept  in  an  incubator. 

Actinomyces  Hofmanni.     (M.  Oruber.)     Qasperinl. 

Micromyces  Hofmanni  M.  Gmber  (A,  II.  xvi,  35). 

Tbisoi^nism  was  obtAined  on  one  occasion  from  ftir  in  Vienna.  It 
forms  uo  air  hypbK,  bat  the  coutenle  of  the  older  threads  of  the  fnn- 
^ns  break  up  into  cocci-like  fraj^ents.  G^iieciatly  beautiful  is  the 
formation  of  (>]u)m  exactly  like  thi«e  of  the  aotiaomycea  and  the 
observation  of  their  final  calcification  {after  several  mootlis)  in  bouil- 
lon oaltures.  It  fcrowB  aerobically,  and  will  only  grow  aiiaerobioally 
if  sugar  ia  added  to  tbe  me«Iiam.  It  does  not  grow  below  33°,  37° 
being  the  optimum.  Does  not  grow  on  potato  and  gelatin,  and  bnt 
poorly  on  Bemm  and  agar,  but,  on  the  omtnirj',  it  grows  well  npon 
most  solid  and  liquid  nutrient  media  with  the  addition  of  0.6^  to 
3%  ot  sugar.  Stigar-agar  culhirea:  Snperfieial  colonies  are  elevated, 
tdiorplj  outlined,  wrinkled,  Instcrlem;  the  deep  ones  show  a  radiating 
structure  with  a  delicate  fringe.  From  sugar  it  forms  aoetio  acid  and 
some  alcohol . 

In  animals,  especially  rahbiln,  it  canaes  swellings  filled  with  lenko- 
ejtes  and  coagulated  exudate,  which  then  sotleu  and  heal  by  eucapen- 
latiou,  and  which  contain  beautiful  clusters. 

Actinomyces  farcinicus.     Qasperini. 

(Plate  66.) 

Synonyms. — Bacille  du  farcin  du  Bteuf  (Aniiales  de 
rinst,  Past,  II,  1888,  p.  293).  Nocanrlia farcinica  Trevis;m 
et  de  Tuni. 

Microscopic  Appearance. — Short,  segmented  (knotty) 
threads  with  true  branching.  Nocard  has  photographed 
true  branchings,  but  has  interpreted  them  as  false  onea 
(66,  X). 
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Spontaneous  motion  ia  lacking. 

Staining  Properties. — Htains  with  ordinary  anitin 
dyes,  niid  l\v  W'cij^ait'ti  modification  of  Gram's  method,  in 
whiuli  ;iiiilii\  is  iitii'd  instead  of  alcohol  after  the  iodin. 


Acoording  lo  Nocard,  it  does  not  stain  well  with  the  a 
djes.  Atcordiug  t«  BurcattiPW,  it  Btfliius  liy  Ziphl'a  method  (Z.  ! 
XXIX,  94) ;  but  according  to  Nocard,  it  doea  not.  We  ooald  I 
repeat  the  t«rt«,  as  onr  cnlture  proved  to  be  dead. 

Requirements  as  Regards  Temperature  and  CoK 
position  of  Nutrient  Media. — Not  ]>articular  as  i 
nutrient  medium;  grows  at  room  ttmperfiture,  and  espi 
dally  at  37°. 

Gelatin    Plate. — {«)    Natural   mze :    Scanty    grow 
After  t(in  days  there  are  only  minute,  round,  tranapai 
shining  colonies  (66,  v). 

(6)  Magnified  fifty  times:  The  Buperiieial  and  deep  c 
oniea  appear  as  smooth-edged,  shining,  gray  to  grayf 
green  maeses  in'  which  no  finer  structure  is  distinguisnaU 
(60,  VI). 

Gelatin  Stab. — Scanty;  after  twelve  days  the  surf 
growth  iu  whitish  and  granular;  that  iu  the  stab  c 
(66,  II). 

Agar  Plate. — («)  Natural  size :  The  superficial  colooj 
reach  a  size  of  1  to  2  mm.,  are  yellowisli-whitc,  irregi  ' 
in  form,  and  shining.  The  deep  colonies  remain  1 
(66,  vn). 

(ft)  Enlarged  fijty  times:  The  surface  colonies  are  similj 
to  those  on  gelatin  plates.  The  deep  colonies  are  bri] 
yellow,  delicate,  distinctly  filamentous,  and  curly  in  atr 
-.ure  (66,  vm). 

Agar  Stab, — About  like  (.he  gelatin  stab.  Upon  t 
surface  of  the  afcar  there  forms  a  whitish,  coarsely  granol 
mass,  which  is  very  irregular  in  shape  because  of  fiseura 
The  faintly  colored  growth  shows  air  mycelium  iu  wgn 
(Nocard). 

Agar  Streak. — .\fter  eight  days  there  is  formed  a  g 
to  yellowish-white  growth,  consisting  of  transparent  c 
ontes,  witli  a  rough,  Qnety  Sssured  surface.     The  coloniaf 

«  slightly  or  not  at  all  connected.  The  water  ni  condei 
8ation  is  clear,  with  slight  grayish-white  precipitate.  Afte 
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cultivating  it  for  years  we  obtained  growths  which  were 
actually  more  yellow  and  wrinkled,  airailar  to  our  Act. 
bovis.  The  consistency  became  tough,  while  earlier  it  was 
crumbly. 

Bouillon  Culture. — BouilLon  remains  clear,  with  a 
moderate,  slimy  to  tough  precipitate,  which  is  not  entirely 
disBociated  by  vigorous  shaking.  Single  colonies  develop 
at  the  top  as  dirty  gray  pellicles  with  a  dusty  surface. 
Upon  glycerin  bouillon  (according  to  Noeard)  the  pellicle 
is  tougher. 

Milk  Culture. — Casein  is  dissolved  without  coagula- 
tion.    Reaction  alkahne. 

Potato  Culture. — Grows  slowly  (according  to  Noeard, 
rapidly),  is  whitish -yellow  and  lusterless.  The  surface 
appears  as  if  beset  with  dry  scales. 

"  Spores." — We  have  not  observed  them.  Noeard  de- 
scribed non-staining  spores. 

Distribution.— Cause  of  "  Rinderwurme,"  "farcin  du 
boeuf,"  occurring  upon  the  island  of  Guadeloupe,  and 
rarely  in  northern  France.  The  clinical  picture  resembles 
that  of  cutaneous  glanders,  as  also  that  of  tuberculous  affec- 
tions of  the  cutaneous  lymph-glands. 

For  animal  experiments  guinea-pigs  are  most  suitable; 
then  cattle  and  sheep.  Rabbits,  dogs,  cats,  horses,  and 
the  ass  appear  to  be  immune.  In  guinea-pigs  intraperito- 
neal and  intravenous  injection  is  followed  by  death  in 
nine  to  twenty  days,  with  the  clinical  picture  of  mili- 
ary tuberculosis,  yet  the  nodules  contain  a  ball  of  the 
threads  of  the  fungus  (clubs?).  Subcutaneous  infection 
produces  a  very  chronic  disease  in  all  susceptible  animals, 
wliich  answers  to  the  picture  of  the  spontaneous  farcin  du 
bo8uf. 


I 


Actinomyces  asteroides.     (Eppinger.)     QasperJnI. 

Synonyms. — Cl.idothrix  asteroides  Eppinger ;  Zicgler's 
Beitrage,  ix,  287,  good  illustrations.  Strept.  Eppingeri 
Rossi -Doria. 

Microscopic  Appearance. — Rather  sturdy,  branching 
tbr«ids.  When  stained  by  Gram's  method  and  faintly 
decolorized,  as  also  in  the  fresh  preparation,  they  have  no 
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distinct  partition  walls/  but  many  threads  show  a  tng- 
nientation  into  short,  square  ("cocci-like")  eegraeute, 
which  (according  to  Eppinger),  by  opening  of  the  tliread 
membrane,  may  become  free  at  the  end  (not  observed  by 
us).  The  branching,  as  represented  by  Eppinger,  and  aa 
always  seen  by  ourselves,  is  true  branching,  although  he 
described  it  as  false. 

Spontaneous  Motility. — The  shorter  threads  exhibit  a 
sluggish,  and  the  shortest  threads  and  spherical  forms  a 
very  active  motion  (Eppinger).  We  have  observed  no 
motUity. 

Staining  Properties.— Stain  with  all  the  anilin  dy 


I 


Fig,  23. — Ooepora  osteroides  SauT.  and  Had.  (after  Eppinger). 

and  by  Gram's  method.     According  to  Berestnew  (Z,  BM 
XXIX,  94),  they  also  stain  by  Ziehl'e  method. 

RequuementB  as  Regards  Nutrient  Media  and  Temperature.^ —  \ 
GroiTs  b«(t  at  37°  aiid  apoo  nil  ordinary  ntitjricDt  media,  bat  most 

Inxnriantlj  on  3^  ^pe-st^nr  agar.  UpoD  i;:elatin  at  rooiii  trmpera- 
ture  tbe  growth  is  limits  and  the  coloaira  are  similar  to  those  aa  agar. 
There  is  no  liquefaction.  Old  gelatin  cnHnres  are  dtstinguisbed  by  an 
orange-rud  color. 

Agar  Plate. — (a)  Natural  size :  In  the  depth  the  col- 
onies are  round  and  slight.  On  the  surface  they  grow 
well,  and  are  circular,  with  a  yellowish- white,  taint,  finely, 
granular  nucleus  and  a  narrow,  pale,  peripheral  zone. 

'  By  overstoining  with  hematoxylin  and  differentiating  with  gli 
Bcctlo  acid-glycerin  nistare,  and  ooonterataining  with  eOHin,  Eppinger 
]i(iB  coQvin«*i  hiniMlt  (liat  the  long  threads  consist  of  shorter  and 
longer  ruda  in  a  Hliealh, 
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(b)  Magnified  fijiy  times:  When  very  young  they  are 
delicate,  atar-like,  brandling  figures;  later  there  gradually 
develops  a  denser,  opaque  center,  with  a  delicate,  ramifying 
peripheral  zone. 

Sugar-agar. — Stab :  After  twenty-four  hours  there  is  a 
small,  whitish  wart  upon  tho  surface,  which  gradually 
grows  into  a  shghtly  elevated  disk  with  a  somewliat 
wrinkled  t>urface  and  browniah-yellow  color.  The  wrink- 
ling, elevatiou,  and  exteneion  of  the  growth  increase  for  a 
long  time;  the  periphery  presents  a  delicate,  flat,  radially 
wrinkled  border.  In  the  stab  there  is  only  slight  growth 
in  the  upper  part.  Upon  ordinary  agar  the  growth  is  more 
feeble  and  paler  in  color. 

Bouillon  Culture. — Delicate  surface  pellicle  with  white 
granules.  The  latter  grow  downward  as  tough  masses  (re- 
sembling drops  of  stearin),  and  then  tall  to  the  bottom, 
where  a  rich  mass  of  the  fungus  gradually  accumulates. 
The  bouillon  always  remains  perfectly  clear. 

Potato  Culture. — At  first  a  coarsely  granular  fillet, 
made  up  of  snow-white  nipples,  and  by  degrees  becoming 
wrinkled  and  brick-red.  After  about  fourteen  days  a  deli- 
cate, white,  hairy  covering  develops  at  the  periphery  and 
gradually  covers  the  entire  red  growth. 

Spores. — Nothing  is  known  regarding  the  resistance  of 
the  short  segments  known  as  "spores." 

Distribution. — Found  by  Eppinger  on  only  one  occa- 
sion in  the  lymph-glands,  and  especially  in  a  lirain  abscess 
and  in  the  cerebral  and  spinal  meninges  of  a  glass-grinder, 
where  it  apparently  was  the  cause  of  the  disease. 

Pathogenic  Effects. — When  introducedin  various  ways, 
it  causes  in  animals  (guinea-pigs,  rabbits)  a  fatal  disease  re- 
sembling tuberculosis.  (Pseudotuberculosis  cladothrich- 
ica. )  It  has  been  shown  by  Lubarsch  that  it  can  form  in 
animals  colonies  which  are  dtceptivcly  like  actinomycea. 


Actinomyces  carneus.     (Rossi  Doria.)     Qasperini. 

Streptotbrix  carnea  Rossi  Doria.     Closely  related  to  the 
Act.  ttsteroides.     However,  gelatin  and  agar  cultures  sho 
distinct  air  mycelium,  which  gives  the  gelatin  culture 
pink,  and  the  agar  culture   from  a  flesh  to  a  r«dd\sbc- 
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orange  color.      It  is  not  ]iiithogenic  for  animals.      ITie 
actinomyces   aurantiacus   (Rossi   Doria)  Gasperini   u 


Actinomyces  madurs.    (Vincent.)    Lehm.  and  New 

Strcptothrix  niadurse  Vincent  (A.  P.,  1S94,  129). 

There  is  great  similarity  to  actinomycosia  in  the  couiee  ^ 
of  the  disease  known  aa  "  niadura-foot,  madtira-boil, 
Dehli-boil"  (first  brawny,  then  nodular,  usually  perfor- 
ating externally).  It  is  a  disease,  affecting  especially  the 
feet  and  hands,  which  is  native  to  India,  but  also  occurs 
in  northern  Africa,  Italy,  etc.  Our  description  is  from 
Vincent.  In  the  pus  from  the  fistulffi  there  are  found 
bodies  (gray,  yellow,  black)  similar  to  those  of  actino- 
mycosis, which,  according  to  Kanthack's  illustrations, 
have  the  sanie  structure  aa  actinomyces  granules. 

The  organiama  ore  obligate  aerobes,  and  grow  excellently  upon  de- 
coctions of  potnto,  tnmip,  tic.,  which  hjive  not  been  nentraliziedj  wiUi 
the  prodnclion  of  alkali.  Ah  Uie  beat  solid  outrieDt  mediiun,  ViDcent 
employed  a  decocdou  of  \^a,y  or  potato  to  wliich  is  add'ed,  for  ever)' 
100  gm.  of  gelatin,  4  ^i.  ol  gly<M'rin  and  4  ^i.  of  grape-sugar.  Gela- 
tin ia  nnt  IjqneGed.  Old  gelatin  cDll'ores  reeemble  a  vaccine  postnle, 
being  dry,  cloaely  attached  to  the  nutrient  medium,  somewhat  de- 
prniwd  in  the  middle,  whitish,  the  periphery  red.  Upon  potatoes 
whitidi-T^  prominences,  which  often  present  an  air  mycclinm  with 
eonidis ;  also  in  other  m.veelinm,  f|iore-fomiation  ooours.  Ttiere  is  no 
mnsty  odor.  The  aporea  die  in  three  minntea  at  H5°  and  in  five 
minutes  at  75°.  The  cnltnreii  with  no  spores  die  at  60°  in  from  tbre« 
to  tivt  luioiit^a.  The  thrmds  and  conidia  stain  readily  with  all  the 
anllin  dyes  and  by  Gram's  method.  It  is  not  pathogenic  for  animala 
(rabbila,  gnint-n-pigs,  mice,  cats). 

Actinomyces  chromogenes.     Gasperini. 

(PiBte(i7,) 

Synonyms.*  —  Strcjitothrix    chromogena    Gasperii 

Ooejioni  M-'tiichnikovi  Sauvageau  and  Radais,'  Strepi 

thrix  nigra  Doria.  Cladothrix  dichotoma  Macfi,  Gfintll 

'  We  defKTibc  a  variety  isolated  hyonnrlvee  ;  thcsynonymfl  weht 
det«miine<l  in  port  (rom  oomparinon  with  the  description^  in  pr""  *- 
tbo  enltures. 

'  Saav^ienn  and  ILidiAH  could  not  find  spores  in  their  Streptotli 
MbQikoviL 
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non  Cohn.  Cladotlirix  odoriiera  Rullmann  (C.  B.  xvn, 
884,  and  C.  B.  L.  ii,  TOl).     "Brauner  Hesse." 

Microscopic  Appearance. — True  branching  threads, 
often  with  perceptible  eeparation  into  longer  and  shorter 
rods  (67,  x).  There  is  no  motility,  but  Rullraann  has  seen 
motion  in  the  youngest  st^es. 

On  the  air  threads  (see  below),  by  continuous  trans- 
veree  division,  short  roundish  memlitrs  are  formed  (true 
conidia),  which  very  readily  fall  off,  and,  upon  germina- 
tion, form  new  branching  mycelium. 


Staining  Properties. — With  all  anllin  dyes  and  by 
Gram's  raethod. 

Relation  to  Oxygen. — tirows  better  aerobleally. 

Requirements  as  Regards  Temperature  and  Nutri- 
ent Media. ^Thrives  upon  all  ordinary  nutrii'iit  media  at 
room  and  incubafj>r  t<^mpLTature,  more  rapidly  at  the 
ktler. 

Gelatin  Plate, — (n)  Natural  di« :  At  first  the  coloniefl 
lire  broivniHb,  round,  slightly  elevated,  tough,  dull,  and 
begin  first  in  the  center,  rarely  at  the  periphery,  to  take 
on  a  whitish,  chaliy  condition.  Hereuyion  are  formed 
concentric,  wide,  whit«  rings;  the  drier  (thinner)  the  nu- 
trient medium,  the  more  rapidly  there  occurs  a  more  or 
leas  complete  overgrowth  of  the  colony,  with  white  air 
byphte,  and  therewith  a  chalky  appearance.  The  gelatin 
near  the  colony  is  colored  dark  brown  and  va  s,\ri"«\?j  VvsfW!] 


in  AaO0»  cn«  (6* ,  t  snd  Ti). 
(»)  Mj  /Tf  «^  a^-.-  - 
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of  s  ttmhmA  faaQ  i4  threada;  tihkr  ones  appear  bat 
aGg^tfj  tnaipBKDt,  with  mmws  haiiug  n^t  i*gK<Kl  boan- 
duw^  aD  of  wludi  are  dutfco'  in  &eir  peripheral  por- 
tioaa.  Tike  o^  <d  the  cnkny  ie  beset  with  delicate 
thffdi,  tike  a  binge,  vbich  extend  outward  into  the  dis- 
cotond  gelatin  (67,  TU). 

Gdatin  Stab. — Tht  eaxtat*  growth  is  like  that  on  the 
gelatin  plal&  Sometimeidnpe  of  fluid  (do  ral!)  are  seen 
apantheatabceof  thegnnrth.  The  griatin  is  tctt  slowly 
Bqnefied  (rom  aborc  downward.  In  the  stab  the  short, 
radiating  tnfiB  ot  fibcOs,  which  even  at  fiist  deTek>p,  can 
be  obeened  lor  a  loi^  time  (67,  i). 

Agar  Plate. — (a)  Xahtml  the :  Aa  apon  gdattcu 

(6)  Magn^ft  taty  tram.'  After  about  six  days  no  strtl^ 
tore  is  distn^oisbable  in  the  dense  colonies;  they  are 
dark  and  faomogeneotts  and  surrounded  by  distinct  binges 
(67.  vm). 

Agar  Stab. — Lpoo  the  surface  the  growth  at  6rst  is 
rather  moist,  with  a  yellowieh  luster  and  elevated  like  the 
head  of  a  noil;  later  it  is  drier,  tough,  and  somewhat 
puffed.  The  agar  is  discolored  brown.  In  the  slab  there 
are  radiating,  hristle-B)iBp<?d  bnmches  (€7,  lu  and  nr). 

Agar  Streak. — The  gron-th  spreads  out  only  model 
al«ly,  pnsents  (aftor  four  to  six  days)  a  brownish  coloi 
and  on  the  thinner  parts  of  the  agar  a  white,  chalk 
p)<npheral  zoae.  In  the  course  of  time  the  whole  hecom 
whitish  and  chalky.  Upon  the  clear  water  of  condensatioi 
there  later  forms  a  tough,  brownish  film,  which  alao  d 
vclopa  chalky,  white  air  hyphte,  especially  on  the  gla 
walls  (67,  ti).  At  other  times  a  clumpy  growth  is  prM^ 
ent  at  the  bottom  of  the  water  of  condensation  without  a 
pellicle. 

Bouillon  Culture. — At  first  a  delicate  and  lateradeni 
pelliclo.      In  gnuie-Biigar  iMinillon  there  are  thick,  clumpy,J 
niilially  arranged  masses  on  the  bottom.     The  houillmtfl 
liocomcM  brown.  | 

Milk  Culture. — Dense,  yelln wish-brown  to  cinnamon-J 
colond  layer  on  top.     The  milk  is  clarified  and  alkaline. 


Potato  Growth. — Growth  quite  rapid  and  luxuriant. 
As  Ciirly  as  forty-eight  hours  in  the  incubator,  a  yellow, 
yellowish-brown,  greenish-brown,  or  brown  layer,  8  mm. 
wide,  has  formed.  In  our  cultures  the  chalky  appearing 
air  hyphie  always  began  at  the  edge.  The  potnto  is  later 
discolored  intensely  brown  to  black,  and  becomes  strongly 
alkaline. 

Chemical  Activities. — There  is  produced  a  dark -brown 
pigment  and  an  intense  moldy  odor  upon  all  nutrient 
media.  According  to  Hullmann,  the  earUiy  smell  is  most 
intense  upon  bread  pap  and  other  media  composed  of  car- 
bohydrates. There  occurs  a  nitrogenous  body,  soluble  in 
water  and  ether.  The  odor  is  said  to  be  the  same  as  arises 
from  an  unclean  6oor  upon  washing.  Ammonia  is  abun- 
dantly formed.  According  to  Rullmann,  in  symbiosis  with 
fission-fungi  it  has  considerable  capacity  for  forming  ni- 
trate. 

Distribution. — (a)  Outside  the  body :  In  Wurzburg  it  is 
not  uncommon  in  the  air,  soil,  and  water,  and  appears 
also  otherwise  distributed. 

(6)  In  organiem :  We  found  it  once  in  gastric  contents. 

Special  Methods  for  Demonstration  and  Cultiva- 
tion.^Agar  jilatt's  in  incubator.  Observe  brown  halo, 
chalky  discoloration,  odor. 

Actinomyces  chromogenes  Qasperini^alba.   L.  and  N. 

Streptothris  Fuerstcri  (Jasperini  (Cohn?>,  Streptothrix 
alba  Rns,=i  Doria,  Streptothrix  I  and  II  Alniquist,  Ooapora 
Guignatdi  Sauvageau  and  Radais,  Actinomyces  albus  Gas- 
perini,  *  Oospora  Dorite  Sauvageau  and  Radais. 

According  to  Dorm,  it  is  eBpeciallj  freqoent  in  Borne,  hot  oconra 
also  in  Warabarp.  It  dnt«  not  color  the  nutrient  media.  It  formg  a 
Tthite  CQsliion  ot  circular  form,  and  tends  to  produce  abunduut  sir- 
spores.     Gelatin  is  liquelled. 

According  to  Gaaperini.  the  cultures  miiuj  times  exhibit  a  sudden 
prodnctton  ot  pifirnent,  like  the  Actin.  chromoj^ncs.  AcconUn^  to 
Roesi  Doria,  it  also  erows  upon  tucus  (nea-weed )  nutrient  media  with 
a  dark  disooloratinn  of  the  nutrient  medium.  From  what  we  have 
seen  and  learned  from  the  literatnre,  the  only  possible  comprehension 

'  The  Cladothrix  invulnerabilis  Acista  y  Grande  Rossi  (C.  B.  Xiv, 
14)  appeals  closely  related.  It  is  said  to  bear  heating  lor  one-quarter 
hour  to  120°.     The  cultures  have  an  earth;  odor. 
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Actinomyces  violaceus.     (Rossi  Doria.)    Qasperini. 

Foaiul  many  times  in  Bome  by  Doria.     It  liquefies  gelatin, 
na^ent  media  are  diaooloted.     Gelatin  becomat  bright  wine^ird,  tf 
grajiah- violet,  potato  reddiah-browu. 

StTeptolhrix  autantiaca,  citrea,  albido-Qava  hare  been  deii^bc 
by  Ro^Bi  Doria  {I.  r. ),  and  their  eUinding  aa  species  must  be  pr 
by  fnrther  comporiaon.     AcconUng  to  Gaflperiai,  thuy  ore  all  t 
considered  as  aotinomyces. 

Lachner-Snndovol  \l.  e.)  has  studied  in  detail  the  AciinomyccB 
albido-flavus  Gasp.     He  denribes  the  mrmination  «t  thecoQidiaw 
McompftQied  by  elongation,  many  times  following  two  directions  si. 
faneonsly.     The  veprCative  forms  were  IcUImI  bj  70°  in  three  n  ' 
the  oonidis  by  80°  in  five  minnles. 

A  "streptothrii"  which  ia  not  acid-proof,  ood  which  j  .^^^ 

patbf^nic  properties  for  animalA,  was  iaolBt«d  by  Kallmann  from 
spntoin  (Mtinch.  med.  Wocheiischr. ,  1898,  919).  Upon  Liiffler's aenim 
it  famished  chrome-yellow  growths,  otherwise  tliey  were  oolorleai. 
Often  the  onltnres  gire  off  a  moldy  odor. 

Actinomyces    erysipeloid  is.     (L.  and  N.)     L. 
Sandoval. 

Synonyms. — Oospora  erysipeloidis  L.  and  N, 
tothrix  Rosenbachii  Kruse. 

Ab  the  cause  of  the  rare  g|>ora<]ic  disease,  chronic 
Bipelas,  erythema  migrans,  "erysipeloid"  of  RosenF 
the  latter  author  has  described  a  tnie  branching  micro-' 
organism,  related  to  the  "  cladothrix,"  but  often  occurring 
in  the  form  of  short  rods  and  epherea.  The  threads  often 
terminate  in  "a  thick  point."  The  description  of  the 
cultures  reminds  one  most  of  mouse  septicemia.  In  all 
growths  they  become  brownish.  It  grows  best  at  about 
20°,  less  well  at  incubator  temperature.  When  bioculuted 
into  man,  it  causes  non-febrile,  intensely  itching,  sharply 
outlined  redness,  which  spreads  slowly. 

Actinomyces  necrophonis.'     (Pliigse.)     L.  and  N, 

Bacillus  of  diphtheria  in  calves  (Mitteil.  des  Kois.  Ge 
Amts.,   n).     Bac.  diphtlieriffi  vitulorum  Fliigge  and  B. 

'  Since  Fliigge  gave  both  the  abnve  names  siinnltanconsly,  we 
free  to  choose  tetween  them.     The  apceiw  designation  of  * '  nccrepho- 
nis"  seems  to  ua  to  be  Mpeeiolly  happy. 


TlM^H 

■uibc^^l 
to  be 

■  conidia  ""^^^ 
ions  simal^^H 
eminnta^H 

I  ponengj^l 

-—I  from 
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necrophorus  Flugge,  Necrosis  bacilluB  Bang  (C.  B.  xm, 
201).  Streptotlirix  cuniculi  Schmorl.  Actinomyces cuni- 
culi  Gasp.  (Deut.  Zeitsehr.  f.  Tiermed.,  xvii).  The  or- 
ganism liea  in  the  necrotic  tissue  (diphtheritic  membrane, 
et«, )  on  the  aide  turned  away  Irom  the  surface  ae  long, 
often  radially  arranged  meehea  or  bundles,  Beparated  from 
healthy  tissue  by  a  narrow,  necrotic  zone.  It  is  an  obli- 
gate anaerobe,  growing  best  on  blood-serum  or  hlood-aerum 
agar  at  incubator  temperature,  and  hae  been  incompletely 
described  as  to  ita  morphology  (branching!).  Itia  of  jrreiit 
practical  interest  as  the  cauee  of  numerous  diseases  in  ani- 
mals. It  was  cultivated  by  Schmorl  from  a  destructive 
epidemic  in  rabbits,  and  first  described  by  Loffler  as  the 
cause  of  calf  diphtheria  (mouth,  larynx,  nose).  Accord- 
ing to  Bang,  it  also  causes  in  young  and  old  cattle,  horses, 
and  swine  the  most  various  necrotic  affections  (panar- 
itium, gangrenous  pock,  intestinal  diphtheria,  liver  ab- 
BceBS,  vaginal  and  uterine  diphtheria,  etc.).  We  were  un- 
able to  study  this  evidently  important  organism, 

K^arding  thermophilio  varieties  of  aottnomTcai,  see  Kedzior 
(C.  B.  L.  m,  154|  and  'mklinBky  {C.  B.  xsv,  395). 

After  sabcntaueoiui  inoonlation of  mice,  LSfflerolitained  the  piotare 
ai  progreasive  ooiutective-taBiie  neoruBui.  A  l^ver  of  lardac»»UH  infll- 
tiution  extends  Bnbcntaneonaly  from  the  point  of  infection  and  enrel- 
opft  the  kidneys,  liver,  and  intestine  with  yellowish  musiies  of  eza- 
dflt*.  Accordidji  to  Ijllffler,  rabbits  an-  not  nflpcted  chanteteriHtically: 
bat  according  (o  Schmorl  nnd  Banjc,  they  are.  All  investij^tors  found 
other  experimental  aQinial>«  U  ' 


APPENDIX  11. 
Higher  Fission-fungi.     (Higher  Fission- 


The  close  relationship  with  the  ehlorophyllaceous  algas 
is  still  more  evident  in  the  varieties  of  this  section  than  in 
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all  the  forms  previousl}'  discussed,  and  many  inreetigators 
consider  them  as  true  algte.  On  the  other  side,  the  con- 
nection with  the  simple  fission-fungi  is  still  so  i-luse  that 
at  leiist  a  brief  mention  seems  necessary. 

In  distinction  to  the  true  bacteria,  the  members  of  this 
group  have  this  in  common,  that  the  threads  can  be  recog- 
nized 88  having  a  basal  (not  growing,  often  attached)  and 
an  apical  (growing,  free)  end.'  The  ends  are  often  of 
different  thickness. 


Key  to  the  Recognition  of  Some  of  the  More  Impor- 
tant Genera  of  Fission-algae. 

Threaih  mithmit  dietind  elu«lh;t  ■ 

(n)  Witliont  aulplnir  grauules.     Leplothriit  KiitziiiK,  see  lielow. 
(b)  With  salphargniQalFit,  motile,  not  attached.     Beggialoa  Tre- 
viHn,pime461. 

Thrmda  leilh  »hfntM  : 

(a)  Without  aulphnr  Rranulea. 

1.  Without  peeudodiahutnmous  branching.    Crenothrix  Cohn,  p^a 


2.  With   pBcucIociichc)tonic 
1&5. 
(A)  With  salphur  granules 


»  bnmehitiK. 
Thiothrix  W 


Cladotbrix  Cohn, 
jiogcadaky. 


Leptothrix  epidermidis  Mz.* 

(Plate  G9.) 

Microscopic  Appearance. — In  our  preparations thevsl 
ari'  Blurdy  unbranched  threads,  distinctly  jointed  and! 
rciuHly  failing  apart,  with  no  evident  distinction  as  to  baae  1 
and  apex.  Young  cultures  show  bacilli  about  like  the  B,  f 
meeentericus  (69,  xi  and  xn). 

Motility. — The  young  rods  present  distinct  motion  Uk«  | 

Uiat  of  bacilli.     We  were  unable  to  stain  fliigella.  I 

Staining  Properties.— Stains  with  all  anilin  dyes  and.l 

by  Gram's  methtMl.     With  lodin  and  iodid  of  potassium  | 

alone  there  is  no  blue  stain. 

>  We  musit  ODrtainly  admit  that  the  diswmment  of  the  two  eada  I 
has  often  canaed  Kn»t*r  IrouWe  Uian  wm  U,  1>^  expeokd  from  tbe  f 
aUMetttcnte  of  BUeher.  for  example,  m  the  «•«■  of  fc«g.at«.. 
■••IMore  Uieletrtothrix  <A  the  i"""*''  1»^  ''**"  cultivated  we  conld  ] 
■  ftiTi:  cpidermi-iia  among  t^-  "■™-"  irnt-.thr.™  o, 


'  leptuthrirvH  only  witli  1 


► 
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Relation  to  Oxygen. — Grows  better  with  the  admission 
of  oxygiiii. 

Requirements  as  to  Temperature  and  Nutrient 
Media. — Grows  luxuriantly  and  rapidly  at  room  and  in- 
cubator temperature  upon  all  nutrient  media. 

Gelatin  Plate. — (a)  Natural  size:  At  first,  minute 
white  points  which  liquefy  the  gelatin  as  soon  as  they 
become  a  little  larger — after  twenty-four  to  forty-eight 
hours.  The  older  colonies  exhibit  a  small  white  flake  in 
the  center  of  the  liquefied  areas;  also  the  edges  of  the  areas 
present  a  whitish  twrder  (69,  viu). 

(6)  Magnified  fifty  times:  Young,  superficial  colonies 
present  a  pretty  convolution  of  curly,  wavy  threads.  The 
center  soon  becomes  dark  and  cloudy  and  sinks  in,  while 
there  remains  a  row  of  fine  radiating  hairs  as  a  peripheral 


Fig.  24. — IiBpUthrix  epidennidia  Biz. 

zone.  As  the  liquefaction  advances  there  is  finally  a  flat, 
gray  saucer,  which  presents  a  delicate  hairy  border  toward 
the  solid  gelatin,  and  in  the  center  of  which  is  a  curly 
mass  whose  structure  becomes  more  and  more  indistinctly 
crumbly  (69,  ix). 

Gelatin  Stab. — After  twenty-tour  hours  there  is  formed 
a  conical  area  of  liquefaction  with  whitish  llocculi,  and  at 
the  apex  crumbly,  yellowish-white  masses  of  bacteria 
gradually  accumulate.  ^Uter  four  or  five  days  there  forms 
a  grayish,  tough  pellicle  on  the  surface  (69,  i). 

Agar  Plate. —  (a)  Natural  site.  Superficial  colonies: 
White  or  yellowish  white,  sharply  outlined  growths  with 
smooth  but  irregularly  notched  hortlers.  The  deep  coliniies 
remain  small,  dense,  yellowish- white  (69,  v). 
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(6)  MagniJUd fifty  times.  Superjicial  colonies:  The  center 
is  opaque,  browmeh-yullow,  passing  gradually  into  a  yel- 
lowish-gray peripheral  zone  which  consiBta  of  very  cloeely 
set,  line,  radiating  hairs  (69,  vi).  Deep  colonies :  Roundish, 
nodular,  yellowish-lirown,  here  and  there  presenting  single 
or  bunched  projecting  hairs  (69,  vii). 

Agar  Stab. — Surfiice  growth:  Ydlowish-gray  to  brown, 
rather  smooth -bordered,  slimy.  Gradually  it  becomes  dull, 
with  some  whitish  elevations.  In  the  stJib  the  growtli  is 
like  a  grayish-white  thread.  After  several  months  the 
agar  becomes  colored  dark  brown  (69,  III  and  iv). 

Agar  Streak. — Like  the  surface  growth  of  the  stab  cul- 
turi'.  I' poll  tliL'  water  of  condensation  is  a  titugh,  wrinkled, 
browiiiwli  pt'llide.  Where  this  passes  on  to  the  tul>e-wall 
it  is  pure  whil«.  The  water  of  condensation  is  clear 
(69,  II). 

Bouillon  Culture— Only  on  the  surface  there  is  a 
tough,  thick,  wrinkled  pellicle,  which  is  firmly  adherent 
to  the  glass. 

Milk  Culture. — On  the  surface  a  dense  scum.  The 
miik  is  not  coagulated,  and  while  the  milk  becomes  trans- 
parent, a  limited  white  precipitate  is  fonned. 

Potato  Culture.— There  is  rapidly  formed  an  elevated, 
reddish  to  grayish-brown,  sharply  outlined  growth.  In 
time  the  surface  develops  wavy  wrinkles.  In  old  cultures 
the  peripheral  zone  presents  a  white,  chalky  discoloi 
(69,  X). 

Spores. — There  are  no  endospores. 

Distribution. — Found  by  Bizozzero  upon  the  sUfa  '\ 
healthy  men. 

Related  Varieties. — This  variety  resembles  in  i 
points  the  subtil iM-nieeent<?rieus  group.  Wavy  growl 
vigorous  liquefaction,  and  air  hyphoa  upon  potato  are" 
observed,  in  which  respects  its  cultures  are  very  similar  to 
those  of  the  B,  subtilis.  The  variety  is  more  properly 
called  Bacillus  epidermidis.  To  be  sure,  it  must  then  he 
taken  for  granted  that  accidentally  a  spore-tree  form  of 
bacillus  is  exemplified  in  this  variety. 
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Regarding  the  fonns  designated  as  "  Leptothrix  buc- 
calis,"  wbich  occur  frequently  in  the  mouth,  especially 
in  deposits  on  tlie  teeth,  little  can  be  said  that  is  satisfac- 
tory, since  cultures  have  almost  always  failed. 

Miller  ( Die  Bakteriea  der  Mandhuhle,  II.  Aufl.,  Berlin,  ISM]  ap- 
pears to  have  oultivateil  no  lepiothrut.  He  citea  the  following  ononl- 
tivat«d  leprothriceB,  bneSy  and  very  insufficiently  characteriEed : 

Leptolhrix  gjgantea  Miller.  Threads  fixed  at  one  end,  small  to 
Tery  thi«k,  with  or  witliont  distinct  E^tpta.     lodin  reaction  ? 

Leptothtix  maxima  buccalia  Miller.  JoJuted  threads  Itol.Sfi 
thiok,  withoat  iodin  reaction. 

Bacillus  maximuG  buccalis  Miller.  Like  the  preceding,  bnt  with 
iodin  reactiou.  It  is  notsIat«d  why  this  species  is  designate  bBoillna 
while  the  former  are  designated  leptothrix. 

Leptothrix  innominata  Miller  is  eoid  to  present  slender,  0.5  to  0.8 
II  thick,  tangled,  tmsegmcnted,  o[|«ii  wavj  or  beat  thrntds,  which 
sometimes  stain  violet  with  iodin. 

Amstamow  (C.  B.  VI,  349)  described  two  nnnamed  leptothrices  of 
the  month,  ooltivated  by  him,  iMth  of  which  grow  at  inenbalor  tem- 
perature. No.  1  being  an  exquisite  anaerobe,  No,  2  an  oulflpoken 
aerobe.  The  agar  growth  corresponds  in  some  measure  to  that  o(  the 
L.  epidemiidis;  potato  and  gelatin  growths  are  not  described. 

IhibniyQieoki  (C,  B.  xxl,  335)  h^  defloribed  in  detail  a  Leptothrix 
placoides  alba,  which  was  SDOceadully  cultivated  aerobically  on  gela- 
tin. The  growth  at  first  resembled  anthrax,  and  then  liquefied.  The 
growth  on  agar  was  slow — hard,  dense  colonies  being  formed.  The 
or^niMn  pri'sents  long,  jointnl  threads,  with  a  tendency  to  form  tan- 
glefl,  and  it  atain.4  blue  with  iodin  and  iodid  of  potaAsiam  Rclution  and 
a  little  lactic  acid.     Stains  by  Gram's  method.     Is  not  motile. 

Flexner  has  isolated  an  inleresting  organism  from  a  rabbit  which 
died  of  pDerperal  intectjon.  It  nccn-rs  in  long  threads,  is  always  free 
of  spores,  has  no  motion,  and  does  not  branch.  It  is  pathogenic,  bat 
very  diffionit  to  cnltirat^  onteide  of  the  Ixtdy.  He  names  it  Bacillus 
(Leptothrix?)  pyogenes  (iliformis  Fk-xiier  (Jour,  of  Exp.  Med., 
Vol.  I,  211,  1S96}, 

Bessiatoa  alba.     Vauch. 

Long  and  rather  thick  {1  tu5/i)  unbranched  threads, 
without  membranes,  and  quiet  or  with  a  gliding  motion. 
When  fresh,  there  are  in  part  no  partitions,  but  often 
numerous  very  highly  refracting  Ijodies  may  be  recognized. 
The  granules  consist  of  sulphur,  which  may  especially  be 
recognized  it  the  threads  arc  j>reviouBly  allowed  to  dry, 
and  also  by  their  solubility  in  H,S.  In  this  way  also  the 
previously  indistinguishable  transverse  partitions  become 
apparent.     According  to  Winogradsky,  the  breaking  ui^  <A 
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the  threadB  into  smaller  pieces,  which  later  grow  out,  is  the 
only  method  of  multiplication.  The  statement*  of  Zopf 
regarding  other  forma  in  the  cycle  of  development  of  Beg- 
giatoa  are  opposed  by  W'iuogradsky. 

According  to  the  old  idea,  Be^atoa  formed  H^  and 
sulphur  from  sulphates,  and  was  the  cause  of  H,S  being 
present  in  sulphur  springs.  According  to  Winogradsky, 
on  the  contrary,  it  is  dej>endent  for  its  nourishment  upon 
the  preexisting  HjS,  which  it  transforms  into  sulphur. 
(flee  Untersuchungen  iiber   Schwefelbakterien ,  C.   B,   ii, 


Fig.  2.5.— BeRgiatoft  alba  Vanch  (after  Zopt). 


B.  alba  is  found  especially  in  foul  slime  and  dirty 
also  sometimes  as  isolated  individuals  in  pure  water, 
abundant,  they  form  whitish  films. 

B.  nivea  I^benhorst  is  recognized  in  sulphur  spri 

as  the  princijial  constituent  of  the  elinie  in  the  spring. 

B.  roseopersicina.    Zopf.     (Die  Spaltpiize,  3.  Aufl.) 

BAOteriam  phntomctriouin  Eng^lmanD  (Ffliig.  Aroh.,  Bd.  30,  95). 

This  variety  is  verj-  striking  because  of  its  rose-coloKS 
In  the  cooler  parts  of  the  year  it  spreads  witlely  along  tin' 
banki!  of  email  streams,  pools,  etc.     It  is  always  a  sign  a 
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contamination  of  water,  but  not  specific  (perhaps  from 
Bulphite  wood-pulp  factories  or  the  lilie).  According  to 
Wiuogradsky,  Zopi  has  improperly  included  in  this  variety 
a  large  number  of  otlier  rose-colored  inhabitants  of  water. 
Jegunow  (C.  B.  ii,  279)  has  reported  many  interesting 
observations  regarding  another  sulphur  bacterium,  whose 
classification  is  still  undetermined,  hut  it  most  likely 
1  to  the  spirilla. 


Crenothrlx  polyspora.      Ferd.  Cohn. 

(Cuhn's  Beitrnge,  &I.  I,  H.  II,  130.) 

Long,  rigid,  unbranched  threads,  consisting  of  a  single 
row  of  low  cells,  unpigmented,  included  by  a  membrane 
which  is  very  thin  at  the  younger  parts  of  the  thread  and 
thick  at  the  older  parts.  The  membrane  is  a  product  of 
tlie  cuticle  of  the  celL     In  the  membrane  is  deposited 


Fig.  26. — Crenothrii  polyepom.     Cohn. 

some  iron  hydroxiil  or  carbonate,  which  stains  it  brown. 
Sometimes  also  the  membrane  for  considerable  length) 
are  surrounded  by  a  yellow,  ferruginous  mass  with  a  luster 
like  oil,  BO  that  macroscopic,  brownish  flakes  appear. 

The  thickness  of  the  threads  varies  from  1.5  to  5.2  it,  it 
often  being  easily  recognized  that  the  older  part  of  th« 
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thread  (where  it  ia  fixed)  ia  wider  ftnd  stronger.     Alsotti^ 
height  of  the  individual  cells  varies  from  one-half  to  four 
times  the  thickness,  square  forms   being   most  common 
CFig.  27,  a  and  e)- 

Sometimes  the  terminal  cell  of  a  thread  is  lai^  and 
oval  (like  a  spore),  in  which  case  a  deeper  cell  grows  out 
laterally. 

>  Propagation  occurs  through  a  peculiar  breaking  up  of 
the  cells  at  the  end  of  a  thread  into  fragments.  Cohn  dis- 
tinguishes two  typesT  (a)  Formation  of  microgonidia: 
several  individual  cells  in  the  thread  break  up  by  longi- 
tudinal and  transverao  diviBion  into  not  leas  than  16  very 


Fig.  27. — CrenotUrix  polyspora.    Colm. 

small  plasma  spheres,  which  later  are  freed  from  the  n 
what  swollen  ends  of  the  tlireads  and  grow  out  into  new 
threads  (Fig.  27,  d).  (6)  Formation  of  maerogonitiia: 
several  of  the  cells  in  a  thread  near  its  end  are  transformed 
by  infrwjuent  division  into  larger,  roundish,  oval  or  diplo- 
cooci-like  forms,  which  grow  out  into  new  threads  (Fig. 
27,  6).     One  type  passes  over  into  the  other. 

The  plant  is  widely  distributed  (especially)  in  waters 
contidnmg  iron  (also  in  tap-water).  A  pure  culture  in  tlie 
hacteriologic  sense  has  not  been  obtjuned.  According  to 
Ruesler,  cultivation  readily  succeeds  in  well-water  in  which 
a  of  brick  are  boiled  and  to  which  is  addwl  "some" 
)  sulphate.      (Compairc  Ford,   Cohn,   Beitriige  zur 
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Biologie,  Band  i,  Heft  i,  p.  108,  Breslau;  Rosaler,  Arch. 
f.  Fharm.,  Bd.  233,  1895.) 

Here  also  eliould  be  included  the  interesting  Leptothrix 
ochracea  Kiitzing,  whicli  does  not  belong  to  the  lepto- 
thrices  in  a  strict  sense,  because  of  its  fully  developed  mem- 
brane. Winogradsky,  who  describes  it  in  detail,  gives  the 
following  characteristics:  slender,  jointed,  fixed  threads  of 
bacilli,  with  membranes.  The  membrane  is  thick  below, 
thin  at  the  tree  ends,  and  the  terminal  rods  are  entirely 
without  any  membrane.  The  bacilli  in  the  membrane  are 
motile,  but  this  motility  is  lost  as  soon  as  the  membrane 
has  reached  a  certain  thickness.  This  variety  thrives  only 
in  water  containing  ferrous  oxid.  In  the  metabolic  pro- 
cess hydrated  oxid  of  iron  is  deposited  in  the  membrane. 
Li  hay  decoction  prepared  from  well-water  and  freshly 
precipitated  hydroxid  of  iron  the  organism  always  grows 
easily  and  rapidly.  It  forms  yellowish  flakes  and  films, 
and  in  nature  gives  rise  to  PXtenBivc  ot^her  deposits.  (Com- 
pare Winogradsky,  Hot.  Zeitung,  1888,  p.  261.) 

Cladothrix  dicbotoma.     Perd.  Cohn. 

(Cohn's  BeibcBgG,  Bd.  I,  Heft.  Ill,  p.  IBS.) 

Long,  apparently  non-segmented  threads,  with  thick  or 
thin  membranes,  in  part  free,  in  part  attached  to  putre- 
fying algie.  Thickness  1  to  5  ^.  The  pseud odichotomy 
18  especially  interesting.  It  is  dependent  upon  the  growing 
of  a  lower  segment  of  a  thread  along  by  the  side  of  a  higher 
one  (Fig.  30).  Pure  cultures  of  this  organism  have  been 
but  little  studied;  we  have  not  possessed  any.  Aecordingto 
Biisgen,  the  most  recent  investigator  of  this  organism  (Ber, 
der  deutsch.  bot,  Gesellschaft,  1894,  p.  147),  it  grows 
slowly  and  without  perceptible  liquefaction  in  gelatin  con- 
taining a  little  meat  extract. 

The  surface  growth  consists  of  a  "round  white  patch," 
which  is  not  elevated,  and  from  which,  as  from  the  stab, 
after  a  tew  days  delicate  threads  grow  out. 

The  tlireads  have  thin  membranes  when  grown  on  gela- 
tin and  thick  ones  in  dilute  solutions  of  meotextract.  The 
membrane  is  patent  at  the  end  of  the  threads,  and  through 
this  opening,  as  also  through  irr^ularly  occurring  teats  at 
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the  membrane,  there  pass  Jby  means  of  unilateral  bunches 
ot  flagella,  8  to  12  ;i  long,  according  to  G.  Fischer,  see  Fig. 


PiK.  28. — Chataoteristio  Bpi>ear~ 
»Dce  of  Cladothris  diohotoma 
Cohn  (iJter  MigiUs). 


Fig.  29, — ChanwteristiosppeH- 
Alice  ot  Clodothriz  diohoUHiia 
Cohn  (after  Cohu). 


Fig,   :iO, — 1*8611(11x3  icliotonniTiB  Fig.  31. — Separatior  _ 

bnuicliiiig  of    Cladotihrix   dioho-      lated  organianu  of  Ctailothrix  di- 
toma  Oohii  (iift«>rCoho,  reduced^      choUinm  Cuba  (after  A.  Fisohn). 

short,  actively  motile  bacilli,  which,  aft«r  wandering, 
fixed  by  one  md  and  again  form  new  threads. 


PHLYCTENULAR   OFUTHALMITIS. 

There  are  no  "spores"  nor  "sporangia"  unless  tlie  o 
sionally  occurring  expansions  of  the  threads  in  which  the 
rods  lie  in  double  rows  ore  so  called. 


APPENDIX  III. 


Notes  Concerning  Insufficiently  Elucidated 

Diseases  Which  Perhaps  Depend 

upon  Bacteria. 

Of  the  diseaaea  not  yet  mentioned  in  this  book  the  fol- 
lowing are  outaide  of  our  consideration,  because: 

(a)  Dependent  Upon  higher  molds:  favus,  herpes  ton- 
surans, the  deep  wound  suppurations  caused  by  hypho- 
mycetes,  certain  mold  mycoses. 

(6)  Caused  by  yeast  fungi:  many  tumors  in  man  and 
animals. 

(c)  Dependent  upon  protozoa:  malaria,  dysentery  (?), 
Texas  fever  in  cattle,  Surra  or  Tsetee  disease,  variola. 

Some  diseases  which  are  probably  produced  by  lission- 
fungi,  as  syphilis,  are  treated  briefly  in  the  text;  some 
others  are  suited  only  to  a  discussion  in  an  appendix, 
because  that  which  is  known  regarding  their  etiology  is 
either  very  uncertain  or  so  incomplete  that  the  insertion 
of  the  micro -oi^an isms  in  a  system  is  not  possible. 

Phlyctenular  (Scrofulous,  Eczematous)  Ophthal- 
mitis. 

In  contrast  to  the  authors  who  would  recognize  in  the 
Micrococcus  pyt^nes  alone  the  cause  of  the  above-men- 
tioned inflammations  of  the  eye  developing  upon  a  scrofu- 
lous Hubstratum,  a  number  of  investigators  have  shown 
that  in  carefully  selected  uncomplicated  cases,  in  a  major- 
ity of  the  examinations,  no  micro-organisms  were  to  be 
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found  in  the  conjunctiviil  phlvctoiiula;  and  recent 
infiltrationa.     See  Axenfeld  (C.  B.  xxiv,  194). 

Beri-beri. 

Regarding  this  important  tropical  disease,  the  literature 
contains  the  most  het*?rogeneous  statements.  The  cause  of 
the  disease  is  recognized  by  Musso  and  Morelli  (Compt. 
rend,  de  la  Soc.  de  Siolog.,  1893,  18)  in  an  organism 
which  is  very  closely  related  to  the  Micr.  pyogenee  « 
aureus;  by  Hunter,  iu  agreement  with  Pekelharing  and 
Winkler,  in  a  white,  motile  staphylococcus  (C.  B.  xxiv, 
.537). 

Besides,  there  are  those  who  conceive  of  heri-hcri  as 
a  chronic  intoxication  (from  sea  animals),  and  place  it 
in  the  same  class  with  pellagra,  etc.  See  Grimm  (C.  B. 
XXIV,  538). 

Articular  Rheumatism. 
While  some  authors  believe  articular  rheumatism  is  due 
to  the  Micrococcus  pyogenes  (see  p.  184),  Bannatyne, 
Wuhlmann,  and  BlaxaU  (C.  B.  xx,  400)  beUeve  they 
have  found  its  cause  in  a  short,  fine  bacillus  (2  filong,  0.6 
II  thick)  which  usually  stains  at  the  ends  (eighteen  posi- 
tive casesl).  In  bouillon  it  slowly  grows  as  small,  fine 
puncta  and  crumbly  particles.  From  the  bouillon  scanty 
growths  upon  agar  and  Loffler's  serum  may  be  obtained. 
According  to  the  English  writers,  the  organism  is  con- 
stantly found  in  the  joint  fluid;  more  rarely,  and  only  in 
severe  cases,  in  the  blood.  I^eyden  has  found  in  five 
cases  of  endocarditis  (C.  B.  xix,  722)  a  fine  diplococcua 
which  can  hardly  be  otilttvated  at  all,  and  which  may 
possibly  be  the  cause  of  the  disease. 

Hospital  Gangrene. 

Vincent  (A.  P.,  1896,  488)  observed  in  Arabs,  who  were 

infected  in  Mmlagascar,  in  the  typical  cutaneous  ulcers, 

very  abundant,  straight,   rarely  slightly  bi'nt,  non-sporu- 

lating  bacteria  which  do  not  stain  by  Grain's  method.     !□ 

Q8  it  is  easily  detnonstratod  in  tlie  churacteristic  loca- 


MEASLES. 

tion.  The  organisms  lie  below  the  characteristic  pseudo- 
membrane  in  abundance.  For  their  demonstration  the 
organs  are  first  liardened  in  concentrated  subhmate  solu- 
tion, then  in  alcohols  of  increasing  strengths.  The  sec- 
tions are  stained  ten  Diinutus  in  cold  phenolthionin  solu- 
tion, placed  ill  alcoholic  solution  of  iodJn  a  tew  seconds 
(0,01  iodin  in  200  alcohol),  washed  with  alcohol,  and 
iinally  counterstained  with  safranin.  The  inoculation  of 
aniiiials  was  successful  only  when  streptococci,  B.  coli, 
pyot^vaneiim,  etc.,  were  also  inoculated  with  the  special 
bacterium.  The  organism  appears  strikingly  similar  to 
those  found  in  stomatitis  ulcerosa  (see  below).  Also 
sometimes  abundant  spirochietie  are  found  in  hospital 
gangrene, 

Paeumonia  Id  Cattle. 

(Pfiripneomonie  liea  bovidfee.) 

It  does  not  lie  within  the  8cop«  of  this  book  to  speak  of 
Uie  cause  of  this  disease  in  detail,  while,  on  account  of  its 
extreme  minuteness,  nothing  definite  can  be  said  of  its 
form  even  when  magnified  two  thousand  times.  The  cul- 
tivation was  primarily  successful  when  small,  thin,  collo- 
dion sacs,  containing  bouillon  and  a  trace  of  the  fluid  from 
the  lung  of  a  sick  animal,  were  placed  in  the  abdominal 
cavities  of  living  guinea-pigs.  After  fifteen  to  twenty  days 
the  sacs  were  removed,  and  the  fluid  was  found  very  slightly 
cloudy  because  of  the  above-mentioned,  most  minute, 
motile  objects.  By  means  of  the  organisms  which  have 
been  transplanted  repeatedly  upon  artificial  nutrient 
media,  cattle  may  be  infected  in  the  characteristic  manner, 
and  the  organism  again  be  cultivated  in  vitro  in  peptone 
solution  to  which  a  few  drops  of  serum  have  been  added, 
(See  Nocard  and  Roux,  Annalea  de  I'Inst.  Pasteur,  1898, 
240.) 

Measles. 

Canon  and  Pielicke  (C.  B.  xiv,  287)  claim  to  have  found 
constantly  in  fourteen  cases  of  measles  a  bacterium  which 
is  most  variable  in  size  (very  minute  to  3.4  ;t),  and  which 
stJiins  interruptedly  with  a  mixture  of  80  c.c.  of  saturated 
aqueous  solution  of  methylene- blue  and  ISi  fc,»i,  ft'L'^-'lSi'*lo 
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eosin  Bolution  (in  TO^t  alcohol)  after  three  hours  at  incu- 
bator temperature.  Only  from  the  sixth  day  of  the  dJseai^ 
on,  are  the  organisms  found  in  preparatione,  which  Aovs 
not  bespeak  an  etiologic  significance  for  them.  Still,  the 
discoverers  consider  this  organism,  which  does  not  stain  bj- 
Gram's  method,  and  cannot  be  cultivated  (only  upon 
blood-bouillon  many  tiniea  a  slight  growth  appears),  to  be 
tlie  cause  of  measles. 

Recently  Czajkowski  (C.  B.  xvm,  517)  has  found  sim- 
ilar organisms  in  the  blood,  which  he  has  portrayed  and 
cultivated  upon  glycerin-agar,  but  especially  upon  blood- 
glycerin -agar.  The  growth  is  delicate,  scanty,  and  like 
dewdrops.  The  oi^anism  is  pathogenic  for  mice.  It  is 
motile  and  in  not  BlJtined  by  Gram's  method. 

Mouth  and  Foot  Disease. 

In  opposition  to  nuineroim  detective  investigations  which 
have  recognized  the  cause  of  this  disease  in  most  variable 
sized  and  sometimes  easily  cultivated  (ission-fungi  (com- 
pare Stutzer  and  Hartleh,  A.  H.,  1897,  372),  Lo filer  and 
Frosch  have  determined  that  the  cause  of  the  foot  and 
mouth  disease  is  indeed  present  in  the  contents  of  the 
mouth  and  foot  vesicles,  but  that  it  is  so  minute  that 
it  passes  through  dense  bacterial  filters  and  is  invisible 
with  the  best  microscopes.  Only  after  repeated  filtration 
through  the  densest  filters  does  the  lymph  lose  its  infec- 
tious properties  (C.  B.  xxiii,  371). 

Myxoma  Disease. 

The  cause  is  so  far  unreo  l^;ni7,allI<■.  The  disease  occurred 
spontaneously  in  Sanarelli'a  rabbits  in  Montevideo,  It 
manifests  itself  in  conjunctival  catarrh,  leonine  swelling  of 
mouth  and  nose,  inflammatory  swelling  of  the  urinary  and 
genital  organs  and  buttocks,  especially  in  hyperplastic 
changes  at  the  places  where  the  skin  and  mucous  mein- 
bmnes  join.  Also,  myxomatous  or  gelatinous  subcutane- 
ous swellings  which  are  very  vascular  are  found  in  various 
jmrts  of  the  body.  In  most  animals  dying  from  the  sub- 
acute disease  Uie  postmortem  reveals  hyj)crtrophy  of  the 
lymph  glands,  orchitis,  and  swelling  of  the  8plt.«n.     The 
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diBease  is  easily  produced  in  rabbits  by  inoculation  with 
the  perfectly  clear  ami  apparently  entirely  sterile  serum 
from  other  ciwes.  Also  dogs  and  men  react  to  the  inocu- 
lation {C.  B.  xxni,  865). 


Petruschky  Las  found  diphtberia  Ijacteria  together  with 
pseudodiphtheria  bacteria  in  two  cases  of  noma  faciei, 
which  he  cured  with  diphtheria  antitoxin  (Deut.  med. 
Wochenschr.,  1898,  600}. 

Epidemic  Parotitis. 
Laveran  (Compt.  rend,  de  la  aoc.  de  Biolc^.,  1893, 
95)  found  diplococci  in  the  blood  and  organs  in  67  out  of 
92  cases  ot  mumps.  They  kill  mice  and  cause  in  rabbits 
and  doga  a  transitory  orchitis,  which  often  is  assoeiatfid 
with  mumps  also.  Mecray  and  Walsh  (C.  B.  xxi,  68) 
have  made  similar  observations.  The  cultures  were  de- 
scribed by  the  latter  authors  as  very  similar  to  those  of 
very  poorly  growing  Microc.  pyogenes. 

Diseases  of  Plants. 

In  spite  of  the  eflorta  of  numerous  uiveatigators  to  de- 
monstrate bacteria  as  the  cause  of  diseases  of  plants,  we 
prasess  little  knowledge  which  is  free  from  objection  in  this 
field.  The  botanist  Alfred  Fischer  takes  an  especially 
skeptical  stand  regarding  the  statements  so  far  made  (C.  B, 
L.  V,  279),  while  Erwin  Smith,  who  has  himself  done  much 
work  in  this  field,  is  much  more  optimistic  in  his  judg- 
ment, and  considers  the  connection  of  bacteria  and  disease 
to  have  been  demonstrated  in  a  whole  scries  of  instances. 
He  enumerates  some  of  the  varieties  of  bacteria  which  are 
most  certainly  pathogenic  for  plants  (G.  B.  L.  v,  271  ;  in 
the  same  place  the  literatun;  is  ;:!iven).  "We  refer  to  (he 
following  :  Bacillus  amylovorus  Ihirrill  ( cimse  of  a  dis- 
ease ot  apple  and  pear  treus).  Bacillus  olex  Pavastano 
(tuberculosis  of  the  oHv.-  trcf).  Bacillus  hyacinthi- 
septicus  Heinx,  Bacillus  tracheiphilus  r^rw.  Smith  (hi- 
jurious  to  various  cucurbitacefe),  Bacillus  sol  ana  ce  arum 
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Erw.  Smith  (injurious  to  cruciferffi).     Besides,  there  l 
been  dencribed   bacterial   diseases  of  vines,   celerj', 
BUgar-beete,  yet  only  exceptionally  are  the  deacriptioi 
ficiently  complete. 

Rachitis. 


ikI  StR'pt.  pyogenes  (Q 


Mircoli  ascribos  it  to  Mic 
B.  XX,  321). 

Acate  Riieumatism. 

It  may  be  mentione<l  tbat  Sawtscheiiko,  with  Aclialra 
has  recently  recognized  the  cause  ot  acute  rhouniatism  i 
an  anaeroliic,  sporulating  bacillus.  Confirmation  is  ii 
with  interest  (C.  B.  xxiv,  794j. 

Cattle  Plague. 

We  only  know  that  the  causative  agent  does  not  j 
through  a  clay  lilter:  the  Gcnnan  investigators  in  Sou<|^ 
Africa  consider  the  statements,  accompanied  by  illustra^ 
tions,  of  Nencki,  Sieber,  and  ^Vyznikiewicz  (C.  B.  xxni, 
529)  as  delusions.  They  recognize  the  cause  of  the  plague 
in  a  small,  spherical  organism,  but  do  not  directly  desig^ 
Date  it  a  micrococcus.  The  organism  is  said  to  grow  ^ 
peptone  solution. 

According  to  Abbe,  the  limit  of  the  working  capi 
of  our  microscopes  lies  at  0.1  to  0.2  p. 

Scarlatina. 

Many  of  the  older  writers  especially,  and  of  the  newfl 
ones, — for  example,  d'Espino  (C.  B.  xviii,  132), — are  9 
the  opinion  that  the  specific  cause  of  scarlatina  reaidcB  jl 
tho  streptococcus  which  is  very  frequently  present,  b"' 
tliia  is  almost  certainly  not  true-  Czajkowski  (C.  ! 
XVIU,  116)  never  failed  to  find  in  tho  blood  of  i 
teen  cnsen  nf  scarlatina  a  diplococcua  (according  to  t 
iUuetniltoiis,  more  like  short  di|ilobHei))i)  which  grows  fl 
A  liniitoil  extent  U]wtn  solid  nutrient  media  (glycerin-a 
blood-ogiir,  fiiTUni),  more  luxuriantly  in  fluid  nutxiM 
media,  and  is  pathogenic  tor  mice.  It  is  not  stata 
whether  the  diplococcua  appears  as  a  streptococcus  up. 
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fluid  nutrient  media.     The  great  tenacity  of  the  cultures 
is  striking. 

Doeiile  (C.  B.  xri,  906)  and  L.  Pteiffer  consider  proto- 

zfm  to  be  the  cause  of  scarlatina. 

Ulcerative  Stomatitis  and  Aogioa. 
Bemheini  (C.  B.  xxin,  177)  described  two  organisms  as 
frequently  or  constantly  present  in  the  ulcers  of  the  gums 
and  tonsils: 

1.  A  bacillus  resembling  the  B.  diphtheriie  (once  no- 
ticed to  be  motile),  somewhat  larger  than  it,  with  pointed 
ends,  often  more  or  less  curved,  staining  rather  faintly 
with  Ijoffler's  methylene-blne,  and  decolorized  by  Gram's 
method  if  the  alcohol  acta  a  long  time. 

2.  A  fine  spirochcete,  which  does  not  stain  by  Gram'a 
method,  similar  to  the  spirocheetie  of  the  teeth. 

Neither  could  be  cultivated. 

Similar  results  have  been  obtained  by  many  other 
writers,  as  Vincent  and  Ahel.  (See  Aliel,  C.  B.  xxiv,  1). 
The  results  obtained  by  Vincent  in  hospital  gangrene  in 
Madagascar  are  strikingly  similar;  also  both  organisms 
were  present.     {Compare  p.  458. ) 

J.  Seitz  has  described  ae  the  Bacillus  hastilis  a  widely 
distributed  (tonsils,  etc.),  long,  slender  organism  with 
pointed  ends,  which  has  not  been  obtained  in  pure  cul- 
ture. It  appears  to  be  closely  related  to  Bernheim's 
or^nism  of  stomatitis  ulceroea.  From  n  on -saccharine 
bouillon  it  forms  foul-smelling  gas  (Z.  H.  xxx,  47), 

Trichorrhexis  Nodosa. 

Accordingto  Marcusfeld,  causetl  V>y  a  spondating  bacil- 
lus, perhaps  from  the  subtilis  group.  The  relation  to  the 
disease  is  uncertain  (C.  B.  xxi,  230). 

Typhus  Exanthematicus. 

Lewaschoff  (C.  B.  xii,  635,  72S;  xvni,  p.  132)  claims 
to  hove  cultivated  a  characteristic  Micrococcus  exanthema- 
ticus in  pure  culture  upon  ascites-agar  from  the  juice  of 
the  spleen  or  blood  from  the  finger  in  US  cases  of  t^Qhua 
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iever.  It  is  Btrikingly  motile,  always  in  the  blood,  and 
grows  anaerobically.  Both  in  the  blood  and  in  cultures 
many,  but  not  all,  of  the  individuals  present  one  or  two 
very  long,  motile,  spiral  appendages,  which  take  the  stain 
for  flagellu.  Lewaschuff  calls  this  form  of  remarkable 
epirochste,  exanthematica.  According  to  his  opinion, 
there  is  perfect  i^;reement  between  his  findings  and  the 
newer  investigations  of  Ljubimoft  (cocci),  Calmette  i 
Thoinot  (A.  P.,  1892,  39)  (egg-ehaped  bodieaand  e  '  "" 
von  Duhief  and  Bruhl  (C.  B.  xiv,  17),  Curtis,  and 
male  (diplococci). 


APPENDIX  IV. 


ilmette  and^H 
id  spiriUa^^^l 
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Essentials  of  Bacteriologic  Technic. 

The  following  dircolions  and  abort  explanations  inclnilt;  abimC  all 
the  tochiiical  material  wliich  it)  given  in  n  thorough  baot^riolo^ 
course.  We  have  Introdnc^  naly  those  things  which  ore  (^ntial 
and,  according  tn  onr  experience,  practical,  withniil  referring  U>  the 
literattire.    More  details  will  be  (uuud  in  the  books  mentioned  iii  the 


I.  Microscopic  Examination  of  Bacteria. 
I.  Hints  upon  Microscopic  Technic. 


For  booUjriologic  eininination  we  use  uf most  exejusively  the 
tiiienwcope  with  Abb^-'a  illnminating  appnmtns,  iris  iliaphrngm, 
low-power  and  an  oil-inimerBinn  objective. 

(A)  Low  magnification  (6o  to  lOO  times)  nitli 
pIirHHw  is  used  in  tJie  minute  enamination  ot  plate  onttnrcs.  In  thk 
examination  either  the  iwver  '  is  removed  and  tlie  colony  examined 
ttojfi  above,  or,  if  one  does  not  wish  to  contaminate  the  plate  by  ezpo»- 
ina;  it,  t^e  dinh  is  laid  npon  the  cover  nnd  the  colony  examined  tiom 
bdow,  but  thin  iWien  not  give  sui^h  eharactemtio  pictures  in  all  cnsea. 

|B}  High  Magnification.  OH -Immersion  Objective  ( 700  to 
■  MO  times).— Ttiia  finds  ila  nae  in  Ihe  examination  ot  single  indi- 
vhluals.  A  drop  ol  c«liir  oil  is  placed  npon  the  prepnmticm  (slide, 
'JW-glaas)  mid  the  tnbe  is  lnni;rwl  tiy  nieans  o[  the  coarse  adjust- 
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ment  until  the  lena  just  tonches  tlir  oil ;  then  it  ia  aconntely  adjusted 
Qpiiii  thp  preparation  with  the  micmmeter  screw. 

(a)  Unstained  pre ptu-ations.    Narrow dintihragm!    They  w 
ineil  in  two  ways : 

1.  A  drop  of  pnrecaltare  in  a  flnial  medinm  or  a  little  drop  of  « 
with  a  tnii«  of  pure  onltnre  inixt'd  in  it  in  pUic«d  Ijctweeii  the  slide 
and  cover-ftlaaa ;  or,  better, 

3.  /»  a  hanging  drop.  A  drop  of  a  pnre  culture  in  a  fluid  medium 
or  a  drop  of  bouillon  in  which  in  mixed  a  minnte  quantity  of  a  pure 
culture  is  placed  upon  ncover-glass;  the  oover-glaas  is  then  turned  over 
and  placed  upon  a  hollow  (rronnd  slide  so  that  the  drop  is  suspended 
within  the  liolli)w.  Thecover-gluat  i«  now  lixed  to  the  slide  by  apply- 
ing a  very  little  water  (o  each  cornesr  of  the  cover,  or,  if  the  obaerva- 
tion  is  to  be  more  prolonged,  by  means  of  vaselin. 

(b)  Stained  preparations.  Open  diaphragm !  Abl>^'B  illuminating 
apparatus.  In  the  esamination  of  sections  with  a  double  stiun,  the 
wide  diaphragm  is  required  for  the  bact4^^ia,  the  narrow  opening  tor 
the  tissnea. 

(C)  Cleaning  the  Preparations  and  the  Microscope.— The 
immeraion  oil  is  always  gently  brushed  oS,  and  now  and  then  tiuivkly 
drained  with  x^i-lol  and  chamois  skin ;.  the  setting  of  the  lens  is  loosened 
by  prolonged  action  iif  tht-  xylol.  Also  immereion  oil  dried  upon  the 
oover-glasaes  of  old  preiMinvtions  i»  readily  removed  by  xylol. 

3.  The  most  Important  Solutions  for  Use  In  Making 

Preparations. 
[A]  Staining:  Solutions. 
I.  Aqueous   Alcoholic   Solutions  of   Ftichsin  and   Methylene- 
blue. — A  couoi'ntrated  "  8t<K,'k -solution  "  is  prepared  by  pouring  abso- 
lute alcohol  upon  the  pulverized  dyes  (fuchsin,  metbylene-bluej  in 
bottles,  and  after  shaking  and  allowing  them  to  stand  a  few  boiini, 
they  ore  flltt'retl.     Of  this  sntuisted  solution  1  part  is  mixed  wi^  4 
parta  ot  dLitilled  water,  and.  before  naing  is  filtered.     In  order  to 
obtain  good  prepamtious  it  is  better  to  stain  a  longer  time  with  weaker 
solutions  thnu  for  a  short  time  with  otrong  solutions. 
3.  CBTbol- fuchsin  (Ziehl's  Salution).— 

Fuchsin 1,0  gm. 

Acid,  carbolic,  liq. 5.0    " 

Alcohol 10.0    " 

A<|.  dtst 90.0    " 

3.  Anilin  Fuchsin. — Four  partsof  auiltn  oil  (anilin.  pur. )  are  well 
sht^en  several  minutes  with  100  parts  ot  distilled  water,  and  then  fil- 
tered until  oil  the  water  has  pa^ed   through  elear  ( then  the  funnel  is    . 
removed,  since  otherwise  oil  will  also  pass  through ).     In  this  aoilin 
water  4.0  ipn.  fuchsin  are  dissolved  and  it  is  again  filtered. 

4.  Anilin  Gentian -violet  (Ehrlich's  Solution)..— To   100  c 
anilin  water,  11  cc.  of  a  concentrated  alcoholic  solution  of  gentian- 
violet  (stock  solution)  is  added.     Tliia  solution  dues  not  keuf  tai%r 
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Czaplewski  and  E.  FrsnliKl  rocommencl  that  iostead  of  iinilin  « 
2.5%  carbolic  acid  wftter  be  employed.  This  has  tlie  advantage 
the  snlutinn  does  not  decompose  bo  soon  oa  anilin  mixtun«. 

5.  Loffler's  Meihylene-faluc— To  IW)  c.o.  of  water  is  added  1  o-o.  1 
of  1 K  Hohition  of  potaceium  h.vdroxid,  and  30  c.e.  of  eonoentrsted 
alooholic  solution  of  methyl ene-blue.     The  staining  property  of  the 
dye  is  iiil«nsilled  hy  the  addition  of  the  alktili. 

6.  Acetic  acid  methylene -blue,  according  to  M.  Keiaaer,  for  the 
stoning  ot  (^ranales : 

(a)  I.Ogin.  ot  methvlene-hlDeisdissolvedinSJcc.  of  OOftalooboL 
and  to  this  is  added  B50  c.o.  of  distilled  water  uiid  50  o.c.  of  glacial 
Boetio  acid. 

(i^)  2.0  gm.  of  Bismarck  brown  aredisaolved  in  1  liter  of  boilitigdia>    | 
tilled  wftt.-r(lilt<T]l. 

•J.  Bismarck  Brown. — Prt'panid  like  No.  1  {stains  tiaiues,  bntsbuOB 
bacteria  poorly ). 

8.  Alum  Carmitt. — In  100  c.c.  nf  a  b%  solntion  of  alum  3  gm.  of    . 
carmine  are  placed.     It  is  boiled  tor  an  hour  and  l!lt«red.     "    '"' — 
nuclei  and  tixsiies,  but  not  lincit«ria. 

9.  Eosin. — For  staining  the  tissnes  aluut  the  bacterlA.     Two  gm.  ■ 
ot  eonin  are  disaolved  in  100  c.o.  of  difitiilnl  water.  .1 

10.  Safranin. — Three  gin.  of  siifninin  arc  diMwlved  in  100  o-o.  oC'f 
hot  distilled  water. 

(B)  Differentiating  Agents. 
I.  Dialilled  water, 
1.  Absolute  alcohol. 

3.  lodin,  iodid  of  potassium  solution  (Grsm'ti  solntion); 

lodin.  pnr 1.0  gm. 

Potofflii  iodid 2.0  " 

DistiUed  water 300.0  '* 

4.  Sulphutic  acid,  25^. 

5.  Acetic  acid,  3^. 
0.  Acid  alcohol: 

Alcohol  (nO%) 100  0.0. 

Distilled  water 200  '■ 

Pure  bydrochloriu  acid 20  drops. 

(C)  Mordants  for  Staining  Flagella. 


I.  UfQer'a  mordant :  10  c.o  alcoholic  solution  ot  fuehxin  ;  50  co. 
!   oold  mtumted  solution  of  terr«anl|)liate  i   100  o.c.  20*  solution  ol   ' 
^"  Hie  ooid. 

:.  Bunge'a  mordaDt :  35  0,0.  of  officinal  solntion  of  ferric  chlmid, 
^'dilnted  twenty  tiniM ;  T5o.c,  ot  a  m-tumted  aqneons  solution  ot  taniritt    ' 
■luat  bp'toTP  nsinK.  enouRh  of »  'i%  solutiim  of  hydrouen  penudd 
^ddd  Id  Kive  a  iMdisli-bniwu  color,  and  it  in  then  filtered.     [Wo 
>  alwayn  dispensed  with  this  loHt  oildiliun. ) 
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(D)  Clearing  and  Mounting  Agents. 
I.  Xylol. 
1.  Canada  balsam. 

3.  Dammar  vainish. 

3.  Preparations  of  Stained  Specimens  of  Bacteria. 
(A)  Smear  PreparatlonE. 
I.  Simple  Stain  wiib  Fuchsin  or  Mctbylene-blue.— Thta  may  be 

nnt-d  fiir  nil  hadtcria  except  the  tiiberule  hacillTa. 

A  drop  of  distilled  water  is  plncs^l  ujion  a  Pover-glmw  (cover-ginsB 
prepuration)  or  ix)>Dn  a  slide  (slide  prepnntion),  and  in  it  is  mixed  a 
tmce  et  pure  culture  ( preferably  from  a  solid  nutrient  medium ),  and 
tfae  drop  is  then  spread  ont  in  a  wxv  tbin  layer.  After  the  floid  fans 
evaporMtd,  the  preparation  U  piutsed  qaiekly  through  the  flauie  three 
times  with  the  film  up  in  order  (o  fix  the  bacteria  to  the  glass  (avuid 
burning  !).  The  Glm  of  bacteria  ia  then  covered  with  the  staining  solu- 
tion. ATtera  short  time  (a  few  8e«onds  toaminule),  perhaps  with 
gentle  heat,  the  prepumtion  is  wnalied  with  water  and  allowed  to 
dry  ( perhaps  again  with  gentle  heat).  Finally  the  dry  cover-gh^  is 
fixed  upon  a  slide  by  means  of  a  drop  ul  Canada  bahvun,  the  bacterial 
side  being  down. 

It  may  here  be  remarked  that  slides  and  cover-glasses  upon  which 
the  drop  of  wattr  does  not  adhere  or  docs  not  sjtrwid  out  evenly  are 
best  cleaned  with  sonp.  Alcnhot  tind  ether,  which  are  much  nscd  for 
cleaning  purposes,  do  not  remove  the  jtarticles  of  fat  so  completely. 

a.  Gram's  Stain.— 

1.  The  smear  preparation  is  made  as  above. 

2.  8tain  with  Ehrlich's  solution  (liree  minutes. 

3.  Wash  with  water. 

i.  DiSerentiate  with  Gram's  iodin  solution  one  minute. 

5.  Decolorize  with  abeohile  alwdml  until  no  more  color  is  removed 
(usually  one  or  two  miuut^s). 

If  the  alcohol  does  not  decolorize  rapidly  enough,  it  can  be  accele- 
rated by  placing  a  drop  of  aniliu-xylol  upon  the  [>repnration  and  then 
again  washing  with  alcohol. 

6.  Dry  and  mount. 

According  to  our  experienoe,  the  current  idea  that  every  variety  of 
bacterium  either  stains  well  or  not  at  all  when  treated  by  this  method 
is  false.  Thus,  we  observed,  in  thecaseof  the  Baut.  flooreecens,  for  ex- 
ample, which  is  usually  said  in  the  literature  not  to  stain,  that  three 
out  of  twelve  different  cultures,  of  twenty-four  hours'  growth,  stained 
veiy  beautitnlly.  According  to  Zimmennanu,  all  the  vorieties  o( 
Baut.  flaoreacens  stain  in  young  oultures. 

In  like  manner  we  found  the  bacillus  of  symptomatic  antliiax  from 
a  culture  to  stain,  althongh  it  han  often  been  mid  not  to  stain.  Tlie 
wmtmdictory  results  may  he  easily  explained  in  part  as  due  Ut  vory- 
ing  age  or  youth  of  materialn  experimenti^l  with,  and  to  variations  in 
the  differentiating  process  with  alcohol.  The  Rncillus  tennis,  which 
has  been  designated  above  as  failing  to  stain  liy  Gram's  metlv 
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a  later  teat  with  the  aitnie  oultui*  sn<l  lechiiio  stauied  very  well, 
every  coae  whenever  the  teat  is  to  be  nuule,  a  fresh  nuthmx  preparation 
eliould  be  Mmultaoeoiul;  etnioed,  nnd  all  prcpamtinDS  shonld  be  anb- 
jectcd  tfl  the  action  ol  alcohol  lor  thesome  length  o(  time  (one  or  two 
minutes).     Then  we  can  judge  very  well  whether  a  varietj  of  haot«- 
■a  relaios  or  i^ves  np  the  stain,     A  separation  of  the  individual 
era  and  vorietiea  hy  Gram's  stain  now  sectuB  auarcely  at  all  ; 
Ble,  Binoe  there  are  found  within  a  single  genns  all  stages,  Irom 
□i^nisius  which  stain  well  tothose  thatstain  pmirlj. 

The  following  may  usnally  be  stnined  by  Gram 'a  method 

Micrococci  [not  the  Micr.  gonorrhceac). 

Sporulating  bacilli  (symptomatic  anthrax  niiJ  malignant  edema 

Of  the  Don-sporulHting  bacilli :  Proteus, 
Bwine  erysipeias,  lactic  acid  bacterium.  (Ui 
lOme  bacteria  not  unlike  the  coli  Boet. ) 

Genns  Corynebacterium,  Mycobacterium,  and  Actinomyces. 

The  tullowing  iisuiiUy  do  not  stain; 

Micr.  gonorrhoete,  Bact.  influenzK.  Bad.  coli  and  typhi.  Pried- 
Ifinder's  Bacillus  pneumoniK,  bacteria  of  pest  and  inlanders,  the 
vibrios  and  spirilla. 

3.  DemonHlration  of  Capsules. — The  following  is  Jnhne's  method: 
(1)  Cover  the  preparation  with  3'^  solution  of  jp^ntinn-violet  and 
warm  until  it  8t«aim;  (3)  wash  ia  water;  (3)  moiaieQ  witb  i%  aoetie 
aoid  tor  six  to  ten  seconds;  (4)  wash  with  water. 

By  thia  method  also  in  varieties  whieh  are  not  regarded  as  "oi^ 
sale-bacteria,"  a  distinct  membrane  may  often  be  demonstrated  abtnfc; 
the  intensely  stained  liacterial  cell.     Thecapsnh   '  .... 

fnlly  when  examined  in  water. 

4.  Staining:  of  Plagella. — The  flsgella,  which  are  almost  alwi^' 
invisible  when  unst4unL'd,  are  usually  demonstrate*!  according  ta. 
LQffler'a  method: 

.  Making  the  preparation   (mbbing  np  a   trace  nf  young     _ 
streak  culture — not  bnniUon  unlt-ure — in  a  very  smalt  drop  of  wata^J 
spreading  well,  and  drying  rapidly). 

5.  Heatiox  the  pre|ianition   with   Uie   mordant   (p.  476)  nntil 
Amuus  (not  buits!)  tor  une-lialf  to  ime  minute. 

3.  Wash  witli  a  vignrons  strBoni  of  water. 

4.  Wash  in  alcohol  to  remove  the  remains  of  the  mordant  adi 
at  the  edge. 

5.  Cover  with  stAiuing  solution  (a  ten  cryKtals  are  diaaolTed  ._ 
10  e.c   of  onilin   water,  and   to  this   is  added,  drop  by  drop,  0.1J(. 

andiam  hydroxid  snlntion  until  tlie  clear  Quid  just  begins  ta  beooiBB 
Opaqne — precipitation)  and  warm  until  it  steams  tor  one  minate. 

6.  Wash  with  water,  dry,  and  mount  in  Canada  lialsam. 
Extreme  oleanlinem  is  essential  in  the  manipnlntions, 

▼Hy  tborongh  cleaning  of  the  cover-glames  with  acid  and  nlDohol, 

Mill  belter,  with  soap.     Also  the  cultures  ninst  be  young,  although 

I   i*  not  cMential,  as  anmc  authncs  cUim,  to  employ  cultures  which  ~ 

*  only  twenty-tour  houn  old.    We  have  often  obtained  very  good 
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rations  even   after   twelve  days.     We  uBnally  nae  freshly  prepnred 
mordant 

According  M  Liifflcr.  the  fulditiOD  of  a  %'ery  definite  amoant  of  avid 
«r  alkali  to  the  miirdant  ia  requirwl  fariuosC  kinds  of  Imetrriain  order 
to  obtain  weU-slaincd  flagctla.  LofBer  recommendH  that  to  IG  o.c.  of 
the  mordant  there  be  added: 

Cholera  vibrioa J—  1  drop  1  %  NallO. 

Spirillnm  mbram      » drops  "        " 

Bacterium  typhi 20-23    "     "       " 

Bacillna  subtilis 38-38     "      "        " 

Bncillus  cndematis  malignl  .    .  30-37     "      "        " 
Bicterinin  pyopyaneum    .   .    .    6- fi     "      eqnivalent  H,SO,. 

Onr  rcHilts  show  that,  in  the  majority  of  cases,  very  BatisfHotory 
pictures  are  obtained  witli  the  uriginnl  niordnnt,  and  that  the  lulilition 
of  alkiili  or  acid  is  by  no  means  essential.  Similar  resalts  have  been 
obtained  by  other  writera;  for  example,  Lncksch,  Giinther,  A.  Fischer, 
Nicolle,  aiul  Morax. 

Heoently  Bonge  has  employed  a  somewhat  different  niethixl,  which 
huN  given  ns  good  resnlts  aim,  bat,  like  I^ffier's  prooefs,  it  has  also 
sometimes  left  vm  caprJeioiiHly  in  the  lurch;  (1)  The  preparotiou  is 
made  as  for  Loffler's  ;  (3)  warming  with  Bunge'a  monlant  (p,  476) 
until  it  Bt«niis  for  one  minute  ;  (3)  careful  washing  with  waler  and 
drying;  (4)  staining  with  aligbtly  warm  carbol-gentiau-violct  or  car- 
bol-fuoham  ;   (5)  washing  witb  water,  drying,  monnting  in  Canada 

The  silver  method  of  van  Ermengem  is  also  mncb  employed  for 
staining  llagella.  The  cover-gloss  prepomtions  are  stained  with  a  raix- 
tnre  nt  1  part  2%  oemic  acid  and  2  porta  10%  txi  25%  solution  of  tan- 
nic acid,  to  100  e.c.  of  which  4  lo  5  drops  of  glacial  acetic  acid  are 
added.  It  is  then  washed  with  water,  and  afterward  with  aliwlute 
tdoohot,  and  the  preparation  is  next  moHtened  for  a  few  seconds  with 
0.5%  to  9.5%  silver  solution.  The  preparation,  withont  washing,  is 
brought  into  a  solution  of  tannic  acid  3.0,  gallic  acid  5.0,  sodium  ace- 
tate 10.0,  and  water  350,  for  a  few  niomenttt,  and  again  back  to  the 
silver  solution  until  it  begins  to  get  black.    Finally  it  is  again  washed 

Most  of  our  preparations  have  been  made  with  Bunge's  mordant 
when  it  was  several  months  old. 

5.  Staining  of  Endoapores.' — According  to  Hauner  ; 

1.  Prepomtion  of  the  nini.  ( It  is  recommended  to  jKi.*a  il  through 
the  flame  t«n  times,  instead  of  three, ) 

2.  Stain  with  watery  fuclisin  or  carbol-fneh.''in  (Ziehl'sBolution),  tJie 
prepanvliun  being  coventl  with  abundance  of  the  staining  solution  and 
wanned  above  a  flame  for  one  or  two  minutes  until  it  befjins  to  finimer 
(not  boil).  The  fluid  whicli  evaporates  is  constantly  replaced  by  frrab 
staining  solution. 

'  Arthrospores  possess  no  undisputed  tinelorial  reaction.  Regarding 
metachromatic  biKlies,  Em.it'sand  Bunge's  grannies,  preliminary  stages 
of  Bporea  and  their  denionstnition,  sec  page  21. 
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3.  WftHh   niUi   acid  alM>li«l'  (p.  47(i)   nntil   the  prepfundm 
longer  nppeaiB  red. 

4.  Cminter-stoin  with  methylcnp-bltie  (a  few  scoonds). 
The  t<]ions  mnmiii  red,  the  hacilll  appear  bine. 

C.  Staining  of  Tubercle  Bacilii.^-This  is  acrompliahe^l  nnilFr  the 
mmo  pritioiples  ns  spore  Btaiiiing.  The  preparation  is  treated  witA  a 
hot,  actively  Hti^ning  solution,  and  oflcrword  with  wmic  Hoid  solntion. 
Everything  except  the  tabercle  bacilli  is  decolorized. 

(a)  The  prepamtiun  is  stained  (according  to  Ziehl-Neelaen)  ez- 
Bctly  the  aame  as  spiires,  except  Uiat  :t  is  poened  only  three  tinica 
tbrongh  the  flame.     We  employ  this  method  excluflively. 

Another  favorite  method  is  the  one  recommended  by  A.  Piinlcd. 
and  Gabbet,  in  which  decotorization  and  ooanter-staining  are  Mcom- 

Slished  at  the  same  time.  Tlien  theprepimitioii,  alter  beint;  stained  with 
ot  oorbol-fnchsin  and  washed  with  water,  ia  placed  in  the  following 
solution:  Sulphuric  aeid,  1;  distilled  water,  3;  pulverized  methyltote- 
blne,  enough  to  produce  a  moat  intense  bine  color.  It  is  then  again 
carefully  woshtd  in  water,  dried,  and  mounted  in  Canada  balsam. 

Althoogh  this  method  is  oonvenient,  it  ia  better  for  tliose  wilhont 
much  experience  to  carry  out  the  stainiiiK.  differentiation  with  acid, 
and  oonnter«taining  separately,  since  in  this  way  kucccas  is  more  cer- 

(b)  Ehrlich' Koch's  method  is  also  often  employed.  The  prepara- 
tion, otter  being  dried  and  fixed  in  the  flame,  is  treated  with  liotaniltn 
gentian- violet  solution  for  one  to  two  minutes,  and  then  with  add 
(usually  30%  nitrio)  for  one  to  fnnr  seconds,  and  for  a  few  Bceonds 
with  60%  alcohol.  It  is  then  placed  in  an  nqncons  solution  lA  Bi»- 
marck  brown  for  a  few  minutes  and  washed  in  water.  The  tubentla 
bcioilli  now  appear  \'iolet  upon  a  brawn  background. 

Ttiese  methods  are  snitalile  for  covcr-glnns  preparations  made  from 
pure  cnltnrea  and  (mm  tnlierculona  sputum  containing  many  tnberol* 
bacilli.  If  very  few  or  no  tubercle  bacilli  are  found  in  the  firet  pcep»- 
rations,  then  some  method  must  lie  employed  for  concentrating  tlMm. 
Wegivetwoof  the  innnmerable  ones  which  arc  recommended; 

(a)  Aeeording  lo  Slrohnchfiit :  5  to  10  c.e,  of  sputum  are  mixed  wlA 
thnx  times  the  quantity  of  Wendriner's  borax-bomoic  acid  solntion,* 
and,  after  vigorous  shaking,  the  misture  ia  set  aHde  tor  tour  or  Bfs 
days  to  settle.     The  mixture  iK-conies  fluid  and  tlie  tiacilli  settle  tft 
■  tbe  bottom.    Siu;b  spntnm  may  be  okA  for  exnmination  after  yekm, 
.         (fit  ArvcrdiHglo  Ikilnnrn,  modified  by  Ifiim:  Tlie  entire  spntam  lal 
boiled  in  n  steam  cliamber  for  fifteen  to  twenty  minutes  antl  alloweA  1 
tocool.     Tlie  opalescent  flnid  is  imured  ofT  and  the  crumbly  sediment   I 
\  [or  smear  prepnrations. 

In  place  of  acid  alcohol,  30%  nitric  aeid  or  5%  to  25%  snlrAloriO.J 
\  acid  may  be  employed,  but  they  must  Ijc  allowed  to  act  (or  a  uorterl 
[  time, 

'  Eight  gm.  of  borax  are  dissolved  in  hot  water,  12  gm.  of  boTM 

id  are  added,  and  then  again  1  gm.  of  bomx;  alter  oryslalUntioa 

L  is  fllu-reil. 
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7.  NeiaBcr'a  Stain  far  Diphtheti*  Granules. —The  reqairanento 

for  ^nod  BDiiMSB  with  the  stain,  oooordinK  to  NeisBrr,  ore  us  tnllans; 

TI10  prrparatioQ  is  stniniil  ana  to  tlirce  seconds  n-ith  acetic  ocid 
methylene-blne,  rinsed  off,  coanttr-stoined  two  to  five  «eponda  witli 
Bisiuarclt  brown. 

1.  Tlie  cultures  must  be  growu  upon  Luffler's  serom,  solidified  at 
100°. 

2.  The  enltun-H  sliould  not  be  under  nine  nor  over  twenty  to 
twenty-four  lioura  old. 

3.  The  eultores  must  be  kept  in  lui  inenbator  at  34°-  35°,  not  above 
36°. 

S.  Stain  for  ihe  OrganismB  of  Syphilis. — According  to  Lasl^arten 
the  preparntious  are  alaineil  for  twenty-fonr  hours  in  aniliii  ^ntian- 
vinlet,  placed  a  tew  sccondo  in  \l>%  pemiMiKanute  of  potitasinm  soln- 
tion,  and  qnickly  decolorized  in  dilnte  snljiliuric  acid.  The  syphilis 
organisms  are  dark  violet  to  steel  blue ;  the  tissues  are  deootorizcd. 

(B)  Preparation  of  Sections. 

I.  Universal  method  according  to  Lofllcr,  ndaptrd  tonlnioHtoll 
bactoriu; 

The  seetioiis  are  carried  upon  a  Geminn  silver  oi'  Kln.-«  sjmtula  from 
alcohol  to  LotSer's  alkuliue  luethy kite- blue  Holutioii,  where  they  re- 
main for  five  to  thirty  inJDnt«s.  They  are  then  placed  for  a  few 
srconds  in  1  %  acetic  acid,  and  after  differentiation  are  passed  throu)i!h 
alcohol  and  xylol  and  mounted  in  Canada  balsam.  It  must  be  deter- 
mined bow  long  the  acetic  aoid  may  be  allowed  to  act,  and  tlie  dehy- 
dration in  alcohol  must  not  be  prolonged  any  more  than  is  emential. 
The  bacteria  should  be  block itdi-blue,  the  nuclei  bine,  the  protoplasm 
bluish. 

z.  Nicolle  states  ttiathy  the  following  inetiiod  he  lias  obtained 
satisfactory  staining  i[i  sections  in  the  case  of  bacteria  which  sCaiu 
with  difficulty:  for  example,  glanders,  typhoid,  eto.: 

Lilffler'3  blue  one  to  Uiree  minutes;  wash  iu  water;  10%  sotution 
of  tannic  acid  a  teit  seconds;  wash  in  water;  absolute  alcohol,  oil  of 
doves,  xylol,  Canada  balsam. 

3.  Gram's  method:  (1)  Elirliuh's  solntion,  three  iniuu(«s  ;  (S) 
Gram's  solution  of  iodin,  two  minutes  ;  (3)  alcohol,  one-half  nunnte  ; 
(1)  alcohol  containing  3;%  hydrochloric  acid,  ten  seconds;  (5)  alcohol 
several  minnt««  until  maximum  deculorixatioii ;  (6)  xylol,  mount  in 
Canada  balsam. 

If  it  is  demnible  to  liave  a  contrast  stain  of  the  tissue,  after  max- 
jmnm  dccolorimljon  in  alcohol,  tlie  sections  are  placed  in  lui  BquM>iiB 
solution  of  Bismarck  brown  (10  :  100]  for  a  few  minnten,  then  Ofpiin 
for  fifteen  to  twenty  seconds  in  ahsulntii  aloohol,  then  in  xylol,  and 
flnally  mounted  in  Canada  balsam. 

4.  Botkin  maintains  tliat  Gram's  etain  is  facilitated  by  washing 
preparations  which  are  stained  with  anilin  gentian- violet  in  anilin 
water.  The  preparations,  when  removed  from  the  iodin  nnlntion,  anb- 
sequently  liear  Uie  action  of  alcohol  mach  better.  In  this  way  It  Ii 
possible  lo  Ettaiu  tlie  Bao.  (edematis  maligni  and  Bacterium  pneumonin 
Friedlouder. 
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5.  Gram-Weigeit  metbod  (stain  for  fibrin,  bIbo  good  for bacteri*); 
Thi-  OMTliouM  ore  stoioed  with  aniliu  or  carbol  gentian-violet,  WBahed 
in  0.6^  sodium  chlorid  mlution,  and  dried  apoii  tbe  olide  with  filler- 
paper.  The  iodin  BolutJon  iit  then  applied  and  thi^exoesaagninreniDved 
with  filt^T-pHper.  The  section  is  then  decohirized  with  snilin  oil  imtU 
nu  niore  eolor  is  given  np,  placed  in  xylol,  and  mounted  in  Cuiada 
balsam, 

6.  KulBchci'B  modification  of  GrBin'B  method :  There  is  prepared 
a  oonccntrnted  solotiim  of  gentian -violet  in  a  mixture  of  anitin  water 
1  part,  alcohol  1  part,  5'i  carbolic  acid  water  1  part.  CPf  this  oonoen- 
trated  Bolntion  a  drop  ot  a  time  is  added  to  a  wateh-gUwtful  of  wafer 
until  a  ahimaieriuft  In.ver  fonnn  upon  the  surface.  In  ttoia  the  seotioiiB 
nre  placed,  and  after  ten  to  Rfleen  minut<«  are  washed  in  w«ter,  then 
placed  in  the  iodin  solotiun  fur  a  ninnte.  then  in  aloohol,  xyM,  an) 
mounted  in  balwtm.  By  this  method  malignant  (dciua  and  Bjrmptom- 
atie  anthrai  are  also  stained. 

7.  If  tubercle  bacilli  are  to  be  stained  in  sections,  carbol-roehBin  or 
anilin  t>:entian-vii>lpt  are  u»ied  lU  for  cnvcr-^laiBpreparatioat,  oxcept  that 
the  heating'  Ls  Dmittrd,  nnil  instil  the  slain  is  allowed  U>  act  from    i 
fl(t«*n  to  thirty  minutes.  J 

4-  Preparation  of  SectEons.  I 

At  the  antopey  small  piK«8  of  the  oiT^ans  ore  placed  in  ta  aban- 
danoe  of  absolute  alcohol  and  allowed  to  remain  there  two  wr  three 
days,  the  alcohol  being  changed  twice.  L'snally  they  can  then  be  caL 
For  this  purpnne  the  ftmipr  partH  of  the  kidneyB,  liver,  musole,  ete>, 
are  stnek  on  corks  witli  lic[ueUeil  tsommereinl  gelatin, '  and  then,  witb 
the  cork,  again  immersctl  in  absolnte  alcohol.  After  annyier  twelt^- 
lour  hours  the  objects  may  be  cut  by  menus  of  a  microtome.  In  o(d«r 
to  obtain  sections  ot  more  delicate  uixaiui,  tbey  mn.st  \k  embedded  in 
oelluidin  or  paraffin.  Before  staining  the  paraffin  is  oontpletdy 
removed  by  several  changes  of  oil  of  turpentine  or  xylol,  kA  toe 
preparation  oanied  from  xylol  tu  absolute  aloohol. 


II.   Cultivation  of  Bacteria. 

1.  Nutrient  Media. 

(A)  Non -albuminous  (according;  to  C.  Fritnkel  and  Vogea). 

Sodium  chlnrid,  5  gm. ;  neutra]  commereial  sodinm  phosphate, 
SgiQ. ;  aumionium  lactate,  H  gm, ;  asparagin,  4  gm..  are  disnulvod  in  I 
blor  ot  distilleil  wnter.  We  may  add  10^  gelatin  or  1  ^  agar,  and 
thiia  ubtttin  a  non-saccharine  nutrient  nivdioiu  whieli  is  ftuitaltle  for 
noiit  linrfrla.  By  the  addition  of  inilk-jnignr  a  milk-sugar  nutrient 
neiliuiii  iH  obtained  which  is  free  from  ilcxtruse.  {Lctimann  and 
Neumann. ) 

To  prndnoe   biiailluii   free  fnnn   sugar  »«>ordiuR  U>  Th,  SmJth'i 

'  One  port  ol  geliitin  in  ilinsolved  In  two  porta  of  nalcr, 
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method,  lieef'^xtTaot  is  tnoanlated  with  Bact.  onii,  allnwed  to  aUm& 
twelve  hours  in  tlie  incubator,  mid  ateritiEed  after  the  addition  of  pep- 
tone and  sodium  chlorid.  Siich  a  non-Baceharine  bouillon,  nhiuh  is 
also,  after  so  short  a  time,  free  from  indol,  m  better  for  testiog  indol 
production  tiian  that  prejiored  in  the  -ordinary  manner. 

(B)   Atbumlnous. 

I.  Peptone  Water. — Id  a  liter  of  water  10.1)  gm.  of  diy  peptone 
and  5.0  gm.  at  Bodinm  chliirid  are  dissolved  and  it  is  tlieu  sterilised. 

a.  Milk.^FrRsli,  preferably  [reshly  rentrifugat«l,  milk  U  planed  in 
tciit-tiibeH  and  sterilized  in  the  Bt«aiu  eliomber  for  one-hoU  hour  on 
two  suocessive  days.  Milk  which  coutoius  the  spores  ot  the  snbtilia 
group  (see  p.  53)  can  often  not  be  sterilized  in  this  way. 

3.  LitmuB  Whey  (Petnwchky). — The  canein  in  cautiously  precipi- 
tated from  milk  by  prodncin);  a  very  feeble  aeid  reaction  with  dilute 
hydroohlorio  acid.  The  filtrate  is  boiled,  filtered  and  neutralized,  and 
mixed  with  some  Utmns.  The  preparation  is  not  very  easy.  It  con 
be  IwDght. 

4.  Hay  Decoction — Almut  10  gm.  of  dry  hay  are  boiled  in  a  liter 
of  water.  The  Sllnite  iH  filled  into  tub(«  and  sterilized  for  two  honra 
on  three  Bncc^asive  days,  the  tubes  beinu  kejit  overnight  in  the  inou- 
batflr,  in  oider  to  desb^iy  the  very  resistant  spores. 

5.  Beet  wort  (not  neutralized)  is  allowed  to  settle  for  some  timi% 
preferably  several  weeks,  after  being  Blerilized,  and  then  it  is  poured 
oB  clear  into  test--tabes  and  again  sterilized. 

6.  Nutrient  Bouillon.— (n)  Fmm  mral:  500  gm.  ot  lean  beef  are 
boiled  in  ]()00  c.c.  ot  water  in  an  enamelled  pot  over  a  flame  for  one- 
half  hour  and  filtered,  liie  filtrate  (meat  infusion)  is  brought  up  to 
11)00  CO.,  and  to  this  is  added  10  pm.  peptone  and  5  gin.  sodium 
ohlorid.  This  is  placed  in  the  steam  chamber  until  dimolved,  and  the 
whole  then  carefully  neutnilizeil  with  normal  Midium  hydroxid  (pbe- 
nolphthalein  being  xuvH  ae  indicator '  )  (lui:  p.  3tt).  It  in  then  filtered, 
filled  into  tnl>es,  and  steritJEed. 

(h)  From  exfraci  of  brtf:  10  gm.  d!  beet-extnlet  are  dissolved  in 
1000  P.O.  ot  water,  and  5  gm.  of  poilinm  chlorid  ami  10  grn.  fA  jicptane 
added.     The  solution  is  then  neulralizul  and  well  sterilized  seventl 

7.  Potato  Water  for  Tubercle  Bacilli.— Five  hundred  gm.  of 
peeled  potatwn  are  mhhed  upon  a  grater  and  allowed  to  stand  over 
night  in  a  refrigerator  in  500  o.c.  ot  wnter.  The  fluid  is  then  dec&nted 
and  brought  np  to  KHID  c.c.  boiled  for  an  honr  in  the  wnter-bath,  fil- 
tered, 4%^gl}'Cerin  added,  filled  in  tubes,  and  slerilizcd. 

8.  Gelatin  Nutrient  Media.— (a)  Meat  iiiftitiim'prplonf  gelatin 
(ordinary  "gelatin  "  or  "nutrient  gelatin  "  of  lalnrutories) :  To  1000 
0.0.  of  meat  infusion  (see  nutrient  bouillon)  are  added  100  gm.  gelatan, 

<  For  example,  10  c.e.  ot  bouillon  reijuired  2.3  c.c.  of  j^  nurnwl 
sodinm  hydroxid  solution  for  saturation ;  1000  c.c.  of  bouillon  requires 
320  o.e.  of  the  same,  or  2*2  c.c.  of  normal  solution.  We  UHuall.v  add 
only  •HI  to  21  c.c, — i.  r..,  a  little  less, — so  as  to  be  sure  of  liaviiig  no 
free  sodium  hydroxid  in  the  nutrient  mediomi 
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10  gra.  peptone,  5  gm,  Bodiiim  chlorid.     It  is  wanoed  in  tiie  n 
cbimiber  nntil  all  1«  iiieltvd,  then  neutralized  Trilh  normal  sodiii 
hydrokid,  filtered,  and  at«ri1uwd.     After  tlie  liquHlul  gelatin  is  filial   ' 
intM  tubes,  it  la  again  sterilized. 

(b)  Mral  in/iMutn  grhOin:  Tfae  s&me  as  a,  bat  irithont  tbe  ndditioa 
of  peptone  ttuA  sudiuiii  ohlorid.  1 

(c)  Beer-mtrl  ffdiUiH :  Ib obtained  by  the  ndditiou  o(  10%  gelatin  to 
'    the  wort.     It  is  not  nentmlizcd. 

((f)  FliM  drrociion  grlalin;  SOU  gm.  ul  dried  plums  ore  boiled  in 
500  0.0.  of  water ;  the  fluid  la  then  poured  oft,  and  the  plamB  again 
boiled  in  500  o.o.  of  water.  Both  finids  are  then  mixed,  filtered,  nnd 
10%  gelatin  added.     It  is  not  ueutmliiseil. 

(r)  Herring  grlalin;  Two  salt  herrinca,  nnwaahed,  are  boiled  in  1 
liter  of  water,  and  to  the  dltrate  10^  gelatin  is  added.  It  is  not  nen- 
tmlized. 

(/)  PnlaliMraler  grlatln :  aocordinj;  to  HoIk,  for  Baot.  typhi:  500 
gni.  of  jwlatoes  are  carefnlly  washed,  peeled,  finely  grnted,  and 
Bqneeec<l  through  a  linen  cloth.  The  turbid  jiiire  may  be  allowod  lo 
settle  tor  twenty-four  honre  and  is  then  filtered,  or,  as  we  always  do, 
,  ft  may  be  Altered  at  onoe  through  animal  charcoal,  and,  afti^r  taMting, 
if  necessary  the  filtration  is  repeated.  After  beating  for  an  hour  in  tbe 
Bteftm  ohnmber,  10%  gelatin  is  addi^  to  the  clear  fluid,  wli«n  it  k 
again  lieatad  in  the  steam  cbainber,  filtered,  filled  into  tnliM,  and 
sterilized  on  three  snoccfeive  days.  It  is  not  neutralized,  (H.  K. 
Lang.) 

(j)  fti(nj(»fiimiorfi'dj>nM/o-m(((Tjr(o/ia(Elaiieri:  I'f  intnmiura lodtd 
is  mided  to  prepareil  gelatin.  Tliis  is  liest  done  by  odd  ing  tlie  required 
amount  of  strung  s<l«rilized  solution  tj)  prepared  gelatin  just  btfore 

g.  Nutrient  Agar.— To  IIXX)e.c.  of  meal  infnsion  10  gm-  of  fine  enl 
agar  are  added  and  the  mixture  is  boiled  in  »  glast  fia^k  over  an  opea 
fire  for  one  hour  until  the  solution  is  nmipleto;  then  the  evafxumted 
water  ia  replaced  and  10  gm.  peptone  and  5gm.  sodium  otilorid  m 
added,  .\rter  again  beating  in  the  HteAni  chamber  the  fluid  ianvutnl- 
ittd  uul  filtered  by  meann  of  the  bot-wutcr  hinnel.  filled  into  tabet, 
and  sterilized. 

ID.  To  obtain  gr*pe-  or  milk-sugar  agar,  2^  of  either  sahatenoa 
in  addetl  simnltaneou»ly  with  the  pet>tone  anil  inlt.  Since  meat^nfa- 
sion  agar  ummMy  contains  trtiees  of  grape-augnr,  we  Iwve  for  some  Hme 
prepared  a  nillk«ii(»r  agar  which  is  free  fruui  giapotnigor  noootdtng 
'n  the  method  detcribcd  under  .\. 

II.  Glycerin- ag IT.— To  the  prepareil  nolrii-nt  agar  5;;^  of  glycerin 
is  added,  when  it  is  filled  into  tul>rs  and  BtfHliKed. 

1.  Sugar-chalk  Agar.— Uxnally  finely  pulverized,  diy,  sterilind 
oarlKmat^ofoaloiomixaddi^  to  liqiielled  migar-agar  in  HnfficieDttinaii* 
tity  to  render  it  cloudy  and  opai|UP.  It  i»  then  inoculated  with  Um 
bacteria  and  ponre<l  into  platt*. 

13.  Potatoes. — After  tlinrough  wasliing  and  rinsing  the  potMoo 
KV  peeled,  cut  into  slices  1  em.  thick,  and  Hierllized  several  tiiUM  In 
deep  Petri  dishes.  Tlie  penled  potatoes  niuy  also  I*  perforated  wiUl  ft 
iMf^  cork  borer  and  tbe  uylindera  be  divided  by  an  oblique  out  into 
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two  parte.  The  pipces  are  then  plae«i  in  bat-tubes  with  a  little  dry 
cotton  nt  the  botUim  ( tii  nbsurb  the  water  at  condunaation )  and  steril- 
ized several  times  in  the  steam  chamber. 

14.  Blood  -  serum.  —  Blond,  olitained  from  slaiiKhtered  animals 
under  proper  precantions,  ia  allowed  to  stand  in  a  refri^rator  in 
well-clenned  glass  cylinders  for  twenty-tonr  honra.  Then  the  sentm  Is 
remnvnl  with  lar^^e  sterile  pipels.  It  is  then  placed  in  flasks  with  the 
addition  of  1  ^  of  ohlcroform  and  allowed  to  stand  eevenil  weeks, 
being  occasionally  shnken.  Before  nsing,  the  tnhes,  into  which  the 
serum  lias  been  HUed,  are  placed  in  the  incnbator  for  a  few  days  to 
insnre  complete  evaporation  of  the  chloroform.  It  may  be  nsed  as  a 
Bnid  or  after  being  solidilied  at  0.'j°. 

15.  LBffler'B  serum  mixture  for  diphtheria  bacilli :  Three  parts  of 
beef-  or  sheep-seram  are  mixed  with  I  part  of  veal  bouillon  which 
contains  1  %  grape-sugar,  I  %  peptone,  and  0.5%  NaCl. 

16.  Ascitic  Fluid.  Fluid  ftara  Ovarian  Cysts.— The  flnid  obtained 
by  punctnre  has  added  in  it  a  little  ohloroForm  (3i)-50gm.  to  liter)  and 
is  stored  in  a  dark  ^laoe  for  HevemI  weeks  or  months,  being  frequently 
shaken.  If  the  fluid  is  clear  like  water  it  is  drawn  intn  a  sterile  pipet 
and  filled  into  test-tul>e9.  The  tubes  are  placed  in  a  water-bath  for 
half  an  hour  at  ;J0''-S5°  tii  drive  oR  the  chloroform. 

Olycerin-ascites-agar  is  prepared  by  mixing  equal  parts  of  tiie 
above  fluid  and  of  2%  nutrient  agar  which  has  been  liquefied,  cooled 
down  to  -10°,  and  which  contains  .'>^  glycerin.  This  medium  re- 
places blood-flcnim  in  moat  caseA,  and  npcm'  it  we  ha\-e  observed  a  vety 
good  growth  of  the  organisms  of  gonorrhea,  pneumonia,  tuberculoeis, 
whooping-«ringh,  and  diphtheria,  and  of  streptococci  and  Hnct.  duplex 
(Morax'R  diplobacillus). 

17.  Silicic  acid  nutrient  medium  is  very  ditterent  From  the  other 
media.  It  was  first  devised  by  KUhnc,  and  has  been  modilied  by 
various  authors.  Gelatinom  silicio  acid,  which  is  merely  mixed  wiUi 
certain  salts,  is  an  important  nutrient  medium  for  some  or);ani8uui 
(tor  example,  the  nitrat«  iimduoeiB)  lH«iinse  of  tlie  lack  of  nrgnnio 
nntrient  substances.  For  the  rather  complicated  preparation  ooDSull; 
Stntzerand  Burri  (C.  B.  L.  i,  733). 

18.  As  A  anbstitnte,  Beijerinok  has  recommended  a  water  agar,  pre- 
pared by  extracting  for  a  long  time  with  distilled  water,  from  whidi 
the  nutrient  HubBlances  are  removed  Hy  decomposition  and  diStwton 
and  to  which  the  saltB  may  be  added  (C.  B.  xix,  25^). 

ig.  Cerebral  Nutrient  Medium  (v.  Hibler}.— Humnu  brnio  from 
fresh  cadavers  is  out  up  finely  with  a  chopping  machine,  placed  In 
small  flasks,  and  stirred  np  with  enoiij^  distilled  water  to  form  a  semi- 
fluid infusion.  The  masses  are  then  sterilized.  Before  using,  tlie 
nntrient  medium  is  a^iin  boiled  for  halt  an  hour. 

10.  Nutrient  Medium  for  Differentiation  of  Species  of  Actino- 
myces.—The  following  is  recommended  by  Gasperini: 

Wheat  flour 150 

Water      KXW 

Magnes.  Hulph 0.5 

Po^sB.  nitntt« 1.0 

Grape-SDgar 15. U 
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a.  The  Employment  of  the  Different  Nutrient  Media 
Depends  upon  the  Following  Points  of  View  : 


re  employed: 

1.    TopOKlQI 


o  pnnlace  culture  en  manse. 
S.  To  obtAin  BiiH|H>tmii>rLi>  of  bacteriu  in  which  the  onmber  cnn 
aODUnitely  ileKnniDeit  (counting  by  lueans  of  plntes). 

3.  For  the  xtnUy  uf  the  Toroiation  of  pellielta  anil  HcdimeQU. 

4.  For  the  stuily  of  the  metoibolic  prudacts  (canipare  p.  58 
nhat  IoUowb). 

II.  Solid  Nutrient  Media. 

I.  Gelatinous  Nutrient  Media. — Tlic  getatiiionB,  transpaioiit 
trient  nudia  (agar  aiiil  giOatiuj  are  niw 
lollowiuft  reaeoua: 

{a)  Tliey  niuy  l>c  employed  ox  fluid  aud  solid  nutrient  media:  tm 
fluids,  allowing  a  separation  oX  the  bacteria;  and  oa  solid  suliatiuKc^ 
a  fixing  ot  the  isolated  )^rma  and  their  separate  growth  into  coloDie& 

{b)  On  account  iit  their  tniuspiiremiy  they  allow  a  macroscopic  as 
veil  as  micrascopio  observation  of  the  cultures;  they  allows  thorongh 
diScrentiiil  ilingnoeis  ol  varieties  and  un  early  reoognitiou  of  any  oon- 


,   Non-albuminous 

I  the  onmber  cna  M^^| 

>tes).  ^H 

and  HcdimenU.        ^^^^ 
(conipare  p.  58  ■■^^^| 

onB,  transpal«]it  Bti^^H 
ely  employed  for  tw!^ 


They  are  especially  useil:  (n)  For  plate  cultures — i'.  c,,  tor  demon- 
HtrnUon,  tor  nocumte  sciHinttion  and  <»anting  uf  the  individuals  bimI 
varieties. 

(b)  For  obtaining  etiaructeristio,  mocroaoopio  cultures  which  aerve 
in  differential  diugnosia. 

(e)  For  pemuinent  cultures,  or  collections  of  living  biioleriA. 

Tbo  Bpecuil  adviiiitnges  of  agar  and  gelatin  are: 

(n)  Gtlatin.  —  AHmnlagrn:  Easily  prepared,  readily  made  into 
plates  (at  35°) ;  the  property  of  liring  liquefiwl  by  nutoy  buoteiia  is  of 

CM  diagnostic  value.  IHmtdcanlagrt :  (since  it  uiellH  at  '35'  it  cannot 
used  in  hot  weather  nor  at  in-cnlnttor  temperature. 

(6)  Agar. — Advajilagni :  It  may  be  «swl  at  incubator  temperature 
{i. «.,  tor  the  mpid  i^owthot  bacteria — nporcs — and  especially  thermo- 
phiUo  bacteria).  Di»adninlage>  :  Diflicnity  of  preparation,  more  diffl- 
onlt  to  make  plates  from  (the  agar,  melted  at  80°,  mu»t  lie  cooliid 
to 'HI"  before  being  inooolBt«d).     Colonies  are  often  notctiaracEeristic 

a.  Blood-serum,  glycerin -a  gar,  and  glycerin -ascites -agar.  — 
Elmployed  espucially  (or  growing  pathogenic  varieties,  which  thrive 
poorly  or  not  at  all  on  other  nntriejit  media.  It  is  only  pussihle  to 
nuke  platt  oulturts  with  glyntrio-usar  and  mii  tnrea  of  agar  and  serum. 

3.  Potato. — (n)  To  obtain  niacn«oopically  cluu-aoteristio  oulturea 
of  gfrat  durai)ilily  and  for  differential  diaguiMis. 

(b)  Soiuctitues  for  spore-Iontkation. 
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3.  A  Few  Words  Regarding  tbe  Technic  of  Ordinary 

Cultures. 

The  plaliimin  newllc  must  1il-  hwiWil  ro(i-1int  each  time  before  it  is 
nae(i  and  be(urr  jiiitthin  it  cUiv™. 

{a)  Fluid  culture  media  iire  inocnluted  with  a  loupfol  of  pun 
culture. 

{b)  Qeiatlnand  aear  stab  cultures  are  made  with  a  straight 
nevdle,  only  a  siu^le  stab  betug  mode  in  each  tube,  but  it  should  ex- 
tend almost  U)  the  iKittom  at  the  tube. 

(r)  Agar  and  gelatin  streak  cultures  and  potato  cultures 
ore  inoculated  by  a  gentle  EuperGcinl  stroke  over  the  surface  with  the 
platinnm  loop.     It  ia  sometimes  neoeaeory  to  rub  the  culture  into  the 

(d)  Qelatln  plate  cultures  i 

1.  To  isolate  ceriain  bacicria  in  pure  culture:  The  gelatin  in  three 

tubes  is  melted,  and  nfl^r  it  is  cooled  dovvn  to  30°,  a  loopful  of  a  fluid 
or  a  trow  of  u  solid  pure  culture  U  introduced  ial«  one  at  them  and 
well  mixed.  From  this  first  tube  oue  or  two  loiipfuls  of  gelatin  are 
carried  to  a  second  tube,  and  from  this,  after  mixing,  two  or  three 
lonptals  arc  again  traatferred  to  ttic  tbini  tube.  Afti^r  anything  which 
may  be  upon  the  edge  of  the  tubisi  haa  been  burned  off,  the  contents 
of  each  tube  are  poured  into  separate  sterile  plates,  the  cover  bi-ing 
qniekly  raised  for  this  purpose,  and  the  plate  inelined  gently  to  and  tn> 
Id  order  to  distribute  the  gelntin  as  uniformly  Be  possible.  During 
the  transferring  from  one  tube  tonnotherit  is  reoomnieniled  that  they 
be  held  inclined,  to  prcveut  the  fnlJing  into  them  of  foreign  germs. 
The  plates  thus  prepared  are  then  placed  in  a  cnlture  chamber  with 
a  coitstsnt  temperature  of  'H"  <»r  room  temperature  is  used),  and  after 
two  or  three  daj-s  Mio  individual  colonies  which  liave  developed  are 
studied  macrosoopically  and  with  slight  (fifty  times)  magnification. 
Usnally,  of  the  three  platea,  only  two  are  useful ;  at  least  one  has  been 
sown  too  thick  or  loo  thin. 

2.  If  one  wishes  to  aacertain  the  number  of  bacteria,  for  example, 
In  water,  1  o.c,  0.5,  tuid  0.1  c.c.  of  tbe  water  is  placed  in  three  tnhea 
of  liquefied  gelatin,  well  mixed,  and  poured  into  plates.  To  aeoertain 
the  number  of  germs,  if  thpy  are  very  nuineroua,  the  Wolfliiigtil  count- 
ing plat«  ia  used;  if  only  a  few  colnniea  appear,  then  the  plate  is  in- 
verteil,  the  bottom  divided  into  seztents  with  ink,  and  each  viaible 
colony  marked  with  a  dot.  Plates  made  to  det«nnine  the  number  of 
bacteria  in  drinking-water  must  be  counted  sevenil  times  . 
second,  third,  fta&  fifth  days).  In  the  esse  of  fluids  with  very  many  J 
gemw  (sour  milk,  canal-wnter,  eto.),  1  c.c.  is  flrst  placed  in  100  o.c  I 
of  sterilized  water,  and  this  tben  treated  as  above.  Solid  bodiea  are  | 
firet  rubbed  up  in  water.  In  the  examination  of  air  a  definite  q' 
tity  is  drawn  through  a  tube  filled  with  sterili^ted  Rknd,  the  sand  then  | 
being  wanhed  in  sterilized  water  and  plates  preiMired  from  it. 

(e)  Agar  plate-cultures  are  prepared  in  the  same  way.    The  ^,.._ 
must  not  be  too  oool  when  poureil  into  the  dish  or  it  will  solidity  at   J 
once,  forming  an  uneven  surface.     On  the  contrary,  if  it  is  too  hot,  tl^ ' 
bacteria  are  kilted  by  the  temperature.    Recently  it  has  been  n 
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advised  that,  in  making  agar  (partly  aXm  gelatin)  plat«a,  the  natrient 
mediom  be  ^rst  allowed  tn  solidify  in  the  dishes,  and  then  the  Barfam 
be  superficially  snieared  over  with  the  inaH^rinl  to  be  examined  by 
means  of  a  platinum  loop,  strips  of  filter-paper,  or  a  platinum  bnisli. 
Only  characl«riHtio  sttrface  colonies  are  obtained  in  this  way, 

(/)  Susar-agor  shake  cultures:  The  contents  of  a  tube  ore 
melted  in  the  wattr-liath  and  cooled  down  to  ahont  40°.  A  hiopfnL  of 
the  pure  culture  ia  then  introduced  and  thoroughly  distributed,  and 
after  the  medium  solidifies  the  tube  is  placed  in  tbe  incubator. 

4.  Anaerobic  Cultures. 

We  have  employed  almost  eiclusively  the  method  of  H.  Btichi 
Abeorption  of  oxygen  by  pyrogallio  acid  in  the  presence  of 
hydroxid. ' 

(a)  For  Slab  Cullunv.—\t  the  bottom  of  a  glnaH  cylinder,  wl 
must  be  a  little  longer  than  the  test-tube,  is  placed  a  heapiug  teaap 
ful  of  pyro^llic  acid  and  20  o.c.  of  3^  potaeaiam  hydroxid  aolnl 
The  inncnlated  stab  cultnrc  is  then  plaood  in  the  cylinder,  nhieli 
closed  at  one  end  with  u  soft  rubber  stopper  or  a  groaDd-glaas .  '  — 
which   ia  sealed   with   paraffin.      According  to   Kitaaato,   on 
which  are  less  sensitive  to  oxygen  may  be  oulti\'ated  in  high  stab 
tares  in  sngar-ogar  without  pyrogallic  acid,    A  stab  8  to  10  cm.  deep 
ia  made  in  sugar-a^ni'  with  a  small  loopand  the  ueedle  tnmed  upon  its 
long  axis  before  being  withdrawn. 

(i)  ^r  riati'  CaUnrrt. — lnBh»d  of  tlie  glass  cylinder,  a  wide  exsic- 
oator  with  a  ground  cover  is  used.  The  lower  part  ia  tilled  with  mnd 
and  tliepyrogallioacid  mixture,  and  then  the  manipulation  is  as  almve 
(Arens). 

It  it  is  desirable  to  obtain  the  moat  perfect  anaerobioeie,  tbe  pyn>- 
gollic  acid  method  is  combined  with  either  the  pumping  oat  nf  the  air 
witii  a  water-pamp  or  the  displacing  ot  the  air  with  hydrogen,  so  that 
only  a  slight  trace  of  oxygen  remains  to  be  taken  up  by  the  pyrog»llio 
acid.  We  have  employed  the  latter  uiethod  many  yeara.  The  oultureH 
an  placed  in  a  roomy  exsiocotor  with  sufficient  pyrogallic  acid  and 
puto^ium  hydroxid,  and  then,  by  means  of  a  double  perforated  rubber 
cork,  hydrogen  is  allowed  to  flow  throngh  for  one-half  hour.  Alter 
closing  the  opening,  we  sink  the  whole  apparatus,  weighted  wiUi  lead, 
in  water. 

Kabrhel  recommends  (C.  B.  XTiW,  !U>J>>,  as  a  control  for  the  absence 
ot  oxygen,  that  a  tube  lie  introduced  which  contains  liquefied  nutrient 
gelatin,  to  which  is  added,  just  before  uiw,  (i.Z%  to  1.0^  gnipe-sugar, 
aad  which  is  rendered  a  tninsiiareint  blue  with  a  strong  alcoholic  solu- 
tion of  methyl ene-blne.  Such  an  uninocnlat«d  tutw  is  completely 
deooIoriKcd  in  twenty-four  to  thirty-six  hours  only  in  a  chamber 
entirety  free  from  oxygen.  Thi»  indicator  will  also  point  out  how 
coMntial  it  is  to  remove  covets,  corks,  etc.,  in  the  case  of  annerobio 
onltorea. 
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m.  Animal  Ezpetiments. 

(A)  Infection. 

I.  Subcutaneous  Inoculation. — After  the  skin  in  some  part  has 

been  waflhM  with  1   :  1000  carrasjv«  Hublimate  solution,   a  shallow 

incixion  is  made  witli  scissoTs,  and  inoculating  material  is  introduovd 
beneath  the  skin  b;  nieana  of  a  sh>ut  platinDm  wire  with  a  loop. 
Mice  are  QHually  in(iou1at«d  above  the  root  of  the  tail,  the;  being 
simply  held  by  tlie  tip  of  the  toil  and  allowed  to  hang  inW  a  glaas 
which  ia  covered  in  ^reat  part  by  a  piece  of  board.  Guinea-pigs  and 
rabbita  are  inoculated  on  the  side  of  the  thorax. 

3.  Subcutaneous  Injection  is  uRually  carried  out  with  Kooh'e 
rubber-hall  injection  syringe  or  with  Strohachein's  syringe.  A  fold 
of  skin  is  picked  np  upon  some  part  of  the  body,  and  the  needle  intro- 
duced in  the  direction  of  the  Fold.  If  several  cubic  centimetera  are  to 
be  injected,  it  may  be  simply  done  as  follows :  Upon  a  graduated  pipet 
is  faHtened  a  short  piece  of  nibber  tubing  provided  with  an  injection 
needle,  and  tlie  whole  sterilized.  The  pipet  is  Backed  full,  and  the 
flnid  tore«i  out  with  the  mouth  or  a  rubber  bulb. 

3.  Intraperitoneal  Injection  ia  made  by  perforaling  the  ab- 
dominal wall  at  a  single  thmsl  with  a  sterile  hollow  needle  \  then, 
cautiously  advancing  the  needle,  the  fluid  is  injected. 

Regarding  infection  by  feeding,  inhalation,  etc.,  consult  more  ezten- 
sive  works  on  (echnic. 

(B)  Observation. 
Mice  may  be  kept  in  sterile  gloss  vessels  provided  with  cotton  and 
closed  with  wire  gauxe.     Larger  animals  must  be  kept  in  sterilized 
cages  or  stalls. 

(C)  Autopsy  and  Disposition  of  the  Body. 

Autopsies  must  be  mode  at  onor  after  death;  at  lenat,  the  animal 
mtist  be  placed  on  ice  after  death.  Tlie  animal  ia  placed  upon  a  board 
on  its  back  and  nailed  or  tied  by  its  fonr  legs.  The  abdomen  and  thest 
are  thoroughly  moistened  with  snbliuiah'  solution  and  tlien  the  alHlom- 
inal  cavity  first  opened  with  a  sterile  knife.  The  abdominal  walla  are 
separated,  and  fntm  the  spleen,  liver,  and  kidneys,  some  blood  (or  tis- 
sue juice)  is  obtained  with  a  sterile  ptatinnni  loop  and  smeared  at 
once  upon  previously  prepared  anar  plates.  Tlie  orjjans  ore  carefully 
cut  out,  BvoidinR  contact  witli  tJie  intestines,  and  placed  In  absolute 
alcohol  for  fuH.her  e:(amination.  Then  the  thorax  is  opened  with 
BoissocB,  and  blood  removed  fmm  the  beart  and  aliw  the  longs.  These 
oigans  are  also  placed  in  alcohol.  Before  each  operation  the  instru- 
ments must  be  carefully  heated  to  a  glow  or  tborongbly  bnmed.  It  is 
better  to  have  nnmerous  sterilized  instnimentH  ready.  The  luuid» 
must  be  perfeiitly  clean. 

In  interpreting  the  findings  at  the  autopsy  it  ia  to  be  remembered 
that  often  very  soon  (sometimes  daring  the  death  agODy)  micro-ur^iA' 
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isniH  migrate  inM  the  ni^na  from  the  intestine.  If  living  bacterift  an 
injected  into  tiie  ahdniuinal  cavity  or  trachea  o(  cadavers,  they  can 
very  often  he  found  in  the  orgsna  after  a  time  (C,  B.  SXIII,  4181. 

After  the  anlopsy  the  liody  is  best  burned.  If  this  is  not  practicar 
ble,  the  body  is  wrapped  in  coverings  wet  with  sublimate  and  borisA 
at  least  0.5  meter  deep,  and  quicklime  filled  in  about  it. 


APPENDIX  V. 


ptaftT| 


Brief  Guide  to  the  Recognition  of  Bacterial 

(IltuEtrated  with  an  example. ) 

The  case  is  one  o!  eczematous  conjunctivitis  in  which  a 
number  of  the  bacteriii  otciirring  in  diseased  eyee  are 
present.  Purulent  or  seroue  material  removed  from  the 
conjunctival  sac  or  edge  of  the  lid  with  a  platinum  loop  is 
made  use  of, 

I.  Microscopic  Examination  (Smear  upon  Slide    J 

or  Cover-glass).  I 

(a)  Stained  with  fuchsin,  we.sut?:  t 

1.  Cocci,  esjwcially  diplttcoccl  In  hcajis,  usually  dia- 
tinctiy  "  biscuit-shaped,"  many  times  within  cells  (per- 
hapa  gonococci). 

2.  Cocci,  single  or  united  in  irr^:ular  clusters  (probably 
Micro.  pyogencB). 

8,  Short  cliaioB,  of  two  or  three  links,  of  lance-shaped 
cocci,  some  with  capsuk-a  (probably  Streptoc.  lanceolat). 

4.  Rods,  larger  or  smaller,  often  very  irregular  in  form, 
atfuning  in  eegments,  ends  rounded  or  pointeil,  often  of 
the  size  of  cocci  (Irne  diphtheria,  pseudodiphtheria,  or 
xeroeia  bacillus). 

6.  Rods  regular,  rather  thick,  but  small  (perhaps  coli 
group). 

6,  Ro<l8,  often  in  pairs,  quite  large,  the  ends  not  rounded 
'pcTha|)s,  although  at  the  time  without  siwres,  a  bacillus 
r  Bacterium  duplex). 


PLATE  CULTURES.  491 

(b)  Oram's  stain:  All  the  organisms  in  the  prepara- 
tion are  Htaiiiecl  except  the  biscuit-shaped  cocci  and  the 
flniall,  plump  regular  bacteria.  The  loss  of  color  speaks  in 
favor  of  the  cocci  being  gonococci,  and  the  rods  Bact.  coli. 

(c)  Stain  for  tubercle  bacilli  with  carbol  fuchsiii:  In 
the  differentiation  the  preparation  is  completely  decolor- 
ized with  sulphuric  acid.  After  counter- staining  with 
methylene- blue  only  organisme  which  are  stained  blue  are 
seen.  Thus,  in  our  case  the  tubercle  bacillus  and  those 
resembling  it  are  excluded. 

If,  aa  sometimes  occurs,  no  micro-organisms  can  be  seen 
in  the  fuchsin  preparation,  then  a  preparation  is  also 
stained  by  Gram's  method  because  the  stained  cocci  and 
bacilli  are  more  readily  seen  after  the  mucus  and  coag- 
ulum  have  been  decolorized.  In  any  case  if  the  examina- 
tion of  the  slide  is  negative,  the  plate  method  is  always 
employed. 

n.  Plate  Cultures. 

In  examining  an  animal  body  for  micro-organisms  the 
nature  of  which  we  do  not  know,  we  employ  "the  best 
nutrient  medium":  i.  c,  scrum  or  ascitic  fluid-agar,  and, 
as  a  substitute,  glycerin-agar. ' 

The  usual  plate  method  consists  in  placing  the  material 
to  be  examined  in  liquefied  gelatin  or  agar  in  various  dilu- 
tions and  pouring  it  out  into  double  dishes.  This  is  not 
especially  suitable  for  the  examination  of  materials  which 
contain  relatively  few  germs.  In  our  case  we  prefer 
to  pour  the  nutrient  medium  into  plates,  and,  after  it  is 
solidified,  to  carefully  make  several  streaks  over  the  sur- 
face with  a  platinum  loop  which  carries  the  pus  or  nmcus, 
etc. ,  to  be  examined.  The  double  dishes  are  then  turned 
upside  down  (so  the  agar  will  not  dry  so  rapidly)  and 
placed  in  the  incubator. 

After  forty-eight  hours  there  appear  upon  the  plate: 

1.  Moist,  white,  yellow,  and  orange,  roundish,  slightly 
elevated  colonies,^  which,  when  magnified  sixty  times,  are 

'  Od  the  contnirr,  many  varieties  from  soil,  water,  eto.,  grow  onl; 
npon  nutrient  media  pior  in  nutrient  antiataiices,  like  the  onliuory 
nutrient  media  (see  p.  200). 

*  The  colonies  here  described  ore  always  aueti  as  lie  on  the  surface 
of  the  medium. 
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finely  granular.  In  stained  preparation,  magnifiet]  a  tliou- 
Band  times,  they  are  micrococci  (probably  Micrococcus 
pyogenes  albus,  citreus,  and  aureus).  The  examination 
must  be  carried  further,  as  indicated  on  page  1(>3. 

If  there  are  onlj'  one  or  two  colonies, — especially  yellow 
ones, — one  may  often  recognize  it  as  a  contamination  of 
the  plate  by  germs  in  the  air,  most  often  sarcinie.  The 
edges  of  the  »arcina  colonies,  when  magnified  sixty  tim* 
are  coarsely  granular  or  jagged.  When  magnified 
thousand  times,  packets  of  micrococci  are  seen. 

2.  Most  minute,  scarcely  perceptible  colomes,  not  ele- 
vated, half  a  millimeter  m  diameter.  When  magnified 
sixty  times,  extremely  delicate,  transparent,  very  delicately 
punctate.  The  eiiges  practically  smooth  (recalling  gono- 
coccus,  StreptococciiB  lanceolatus,  and  Streptococcus  pyo- 
genes). In  the  last,  one  often  observes  upon  ascites-agar 
that  chains  of  cocci  grow  out  from  the  edge  of  the  colony 
in  the  form  of  the  finest  curling  threads !  When  the 
stained  preparation  is  examined  under  a  magnification  of 
1000,  the  examination  is  to  bo  continued  according  to 
page  163,  if  cocci ;  page  134,  it  streptococci ;  page  196,  if 
bacilli. 

In  order  to  render  still  more  secure  the  diagnosis  founded 
upon  morphologic  and  biologic  jieeuliarities,  several  such 
small  colonies  are  taken  up  with  a  platinum  loop  and  in- 
troduced beneath  the  skin  of  a  mouse,  or  this  may  be  done 
by  employing  more  abundant  infecting  material  (bouillon 
culture).  If  we  are  dealing  with  a  Streptococcus  lanceo- 
latus,  we  find  in  the  blood  and  organs  characteristic  forms 
of  Uiis  variety  with  capsules.  Smears  from  Uie  blood  and 
organs  are  to  be  examineii  for  the  characteristic  organisms 
(StrepL  pyogenes,  Strept  lanceolatns),  and  also  new 
smear  inoculations  inmU'  upon  nutrient  media. 

8.  Tiny  white  to  yelluivir.li -white  points,  rather  dense,  and 
iust  visible  witli  certainty  after  twenty-four  to  forty-eight 
QOtUB.  If  the  plates  are  kept  longer,  there  is  usually  only 
K  slight  increase  in  size,  up  to  about  0.5  mm.,  and  then, 
with  very  tew  exceptions,  they  become  no  larger.  They 
Ue,  however,  always  distinguished  from  those  named 
"^etore  by  the  tougher  consistency,  \\nien  magni(ie<lsixty 
"     I,  the  border  it:  ragged,  often  as  it  gnawed  away,  and 


The 


splintery  (see  Plate  59,  i)  and  of  a  yellowiali  color.  Mag- 
nified 1000  times :  Stained  in  Begments,  highly  polymor- 
phous, short,  long,  thick,  thin,  clubbed,  pointed,  also 
with  the  form  of  cocci  (appareiitly  diphtheria  or  pseudo- 
diphtheria  or  xerosis  bacilli).  In  the  pseud odiphtheria 
bacillus  the  tx>rder  is  often  coarsely  granular,  similar  to 
sarcinse.  The  further  examination  is  conducted  according 
to  page  384. 

4.  Larger,  moist,  sometimes  slimy,  luxuriant  colonies, 
somewhat  elevated,  whitish  to  gray,  with  transmitted 
light  somewhat  iridescent.  When  magniBed  sixty  times, 
the  edge  is  smooth.  Microscopic  preparation  magnified 
1000  times:  Small,  plump  or  more  slender  rods,  perhaps 
also  isolated  short  chains.  Not  stained  by  Gram's  method. 
Belongs  to  the  group  of  non-aporulating  bacteria.  PerhapB 
or  probably  the  Bact.  coli  or  a  closely  related  variety.  It 
is  to  be  further  studied  regarding  motility,  gas-formation, 
indol,  coagulation  of  milk,  according  to  page  169,  etc 
When  transferred  to  gelatin  plates,  the  colon  group  pre- 
sents, upon  slight  magn it! cation,  the  characteristic,  wavy, 
smooth-edged,  transparent  colonies  with  intersecting  lines. 

5.  Macroscopic:  Similar  to  the  colonies  described  under 
4,  but  never  slimy;  grayish- white,  often  gray.  When 
magnified  sixty  times,  the  border  is  matted  or  curly. 
Microscopic  preparations  magnified  1000  times  show 
sturdy  bacilli,  of  equal  length,  the  ends  not  rounded, 
staining  by  Gram's  method,  often  united  in  chains  (very 
probably  B[K>rulating  organisms  of  the  subtilis,  anthrax, 
and  mesentericus  group).  To  be  further  studied  accord- 
ing to  page  304, 

6.  Essentially  the  same  as  under  5,  but  the  periphery 
is  exceedingly  delicate  and  transparent.  There  is  neither 
observed  fonnation  of  curls  nor  irregular  breaking  up  of 
the  periphery  into  a  felty  structure.  The  microscopic 
pre]>nration  magnified  1000  times  shows  bacilh  similar  to 
those  described  under  5,  but  usually  arranged  in  pairs 
(probably  Bacterium  duplex). 

It  may  here  be  again  statM  for  the  beginner  that  the 
diagnosis,  especially  the  separation  of  the  bacteria  into 
separate  groups,  may  be  nuich  facilitated  by  paying  atten> 
tion  to  the  periphery  of  the  colonies.     In  the  follow- 
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1     ing  table  are  entered  the  appearances  occurring  in  the^H 

■  most  important  varieties.     Exceptions  occur,  of  course:     ^^| 

«,...^,«. 

v..,„. 

Bon  DBS   DP   BcpsaFiaiL   Cou>> 

Agar. 

Streptococcus    pyo- 
genes. 
Streptococcua    1  a  n  - 

ceoUtus. 
Micro coccua    gonor- 

Bacterium  inSuenzK. 

Smooth    or    ouly   extwmely 
finely    granular.        Exoep- 

Agar. 

Micrococcus     pyo- 
genes anil  nil  laxn- 
riantlj  growing  mi- 

Finely  granular. 

Agar. 

Sarcinv. 

Coarsely  gnumlar,  often  as  it 
ealen  away.  In  many  t-arie- 
ties  individual  pockets  ara 
distinctly  seen  at  the  peri- 
phery. 

GeUtin. 

Bact.  typhi  and  coli, 
and  related  organ- 

isma. 

Wavy,   smooth.        In   young 
stages,  line  lines  as  if  out  in. 
poasiDg  from  border  tonard 

ct-nter. 

Gelatin. 

Liquefying    air    and 
water  bacteria. 

Bc^twitb  mostdclicate  litUa 
luiira. 

Agar  and  (telo- 

Subtilis     group    and 
anaerobic  bacilli. 

Periphery  broken  up  into  ir- 
regular, tnuglcd  locks. 

Agar,    less    in 

Anthrax  and  closely 

of  curls  and  locks. 

Gelatin. 

Vibrios,      especially 

ScalUiped  to  Unely  labnUt«d, 

Later  the  peripherji* 
crnmblv,  niitil  it  is  finaUr. 
eLtirely  dL^nWgrated. 

Gelatin  and 
•gw. 

Diphtheria   bacilli 
and  its  relatives. 

Similar  to  sorcime,  but  imer* 
nUrly  cnt  and  MagwJ. 

L 

Tubercle  bacilli, 
their  relatives. 

SmiHith,  ver>*  wrinkled,  ow 
strong  reflei. 

K^^^ 

^^^B^I^^^V^^H 
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Aerobes,  further  sporulating  va-         ^^^| 

AwUc^id  bacteria,  197, 2«0 

rieties,  330                                   ^H 

formation,  86 

new,  2!i»                                          ^M 

melhylene-blue,  476 

obligate,  41                                          ^H 

Arotone  formation  88 

Acid  addition  to  Loffler'a  mor- 

spore-formation, 51                          ^^H 

Aerotaxic  fibres,  56                           ^^^1 

dant,  479 

Agar,  advantages,  486                    ^^^| 

formation,  69 

as  medium,  484                                ^^H 

Acids  from  alcohols.  91 

plate-cultures,  437                           ^^H 

from  carbohyd rales,  85 

Agglutttuttion,  105                                ^^M 
Urubor  and  Bordet's  theory,       ^H 

isolation,  86 

obtaining,  86 

108                                              ^M 

Actinobacter  polymorpliua,  173 

in  typhoid,  240                                   ^H 

albido-flavuH,  440,  466 

test,  in  cholera,  374                             ^H 

alt.us,  446 

Anlutiniii,  detnuii.itration,  lOS          ^^H 

bovis,  439,  440;  PI.  65 

39                                                  ^M 

carncus,  440,  4S1 

on  aaepaia,  39                                 ^H 

phromogenes.  440,  462;  PI.  67 

in  ba<^t«ria,  29                                    ^H 

alba,  440,  455 

Albumin-diasolving  ferments,  59        ^^H 

citreus,  440 

sulphid  from,  76                        ^^H 

erysipeioidia,  456 

in  bacteria,  29                            ^^M 

faTciiiicu«,439,447;  H.  66 

peptone    from,  demonstra-       ^^H 

Hofmanni,  439,  447 

tion,  60                                       ^H 

Uraili,  447 

media,  483                                      ^H 

maduTfe,  440,  458 

Alcohol,  acids  from,  91                      ^H 

butyl,  formation.  88                         ^H 

ciea,  485 

ethyl,  formation,  86                           ^^H 

musculorum  8ui8.  446 

from  carbohydrates,  85                     ^^H 

necrophorus,  456 

Aldehyd.  formation,  86                         ^H 

violaccus,  440,  456 

Alexins,  97                                               ^H 

Algie.  fusion,  higher,  457                     ^^H 

Adenin  in  bacteria,  30 

Almit.  84                                            ^H 

Aerobes,  304 

.\lkali  addition  to  Loffler's  mor-         ^H 

common  charact^ristiw,  306 

dant  479                                         -^^M 

facultative,  42 

formation,  69                                 ^^H 

41 

.^H 

^^^V^I^^^^B^^H 

^^^^^ 

Alkaloids,  putrefaction,  71 

Asepsis,  albumin  and,  ^         ^^^H 

Alum  cormin,  476 

Behring's  test,  38                   ^^H 

AmericaD  swine  plague,  252 

concentration  necessary  for.^^^H 

Amido-ncidt),  72 

definition,  37                        ^^H 

Amins,  72 

i«st,  38                                 ^^M 

formation,  69 

Autopsy,   480                              ^^H 

Anaerobe,  new  pathologic,  344 

oa  agents  in  ripening  of  cheese. 

BACtLLVs,  124,  125,  304            ^^1 

»g 

acidi  Itevolactici,  224               ^^M 

carbon  dioxid  and,  43 

acidi  paralactici,  224               ^H 

facultative,  42 

aerobic,  304                           ..^^H 

fermentation  and,  351 

in  retting  of  flax  and  hemp, 
351 

further    sporulntiug    vaii^^^| 
ties,  330                             ^^M 

obligate,  41 

new,  259                                 J^M 

spore-formation,  51 

aerogencfl   sputigenua   capsl^^H 

sulphuretted    hydrogen    and. 

44 

veic^'255                           ^H 

Anaerobic  cultures,  488 

alvei.  306,  34o                       ^H 

producers  of  butyric  acid,  345 

Angjoa,  diphtheric,  307 
ulcerative^  473 

v.Ticghem.351                    ^H 

amylovonis,  471                       ^^^H 

Anilin  tuchsin,  475 

aniylozyme.  348                      ^^M 

gentian-violet,  475 

anaerobic,  305.    See  also  it^^M 

Ammal  experiments,  i9Q 

seruin,  collection,  105 

annulatus^  264                         ^^1 

Anthrax,  305.  307;  Pis.  34-36 

anthraci  similis,  315                ^^^^| 

spores,  resistance,  52,  53 

anthracis,  305,  307;  Hs.  S^^H 

symptomatic,  340;  PL  45 

^^H 

M            AnU-bodies,  94 

demonstration,  314           ^^^M 

^h         Antiricin,  action,  100 

^H          Antisepsis,  albumin  and,  39 

^^M              concentralion    necessary    for. 

spores,  312                        ^^M 

^P                  38 

sporulation,  26                  ^^^H 

^B             definition.  37 

without  spores,  311            ^^^| 

■         Antitoxic  sera,  value,  102 

anthracoycs.  315                   ^^M 

^M          Antitoxins.  09 

^H             action,  101 

arWescens,  271                  mJ^^^I 

^H             and  toxins,  mutual  action,  90 

^m              normal,  102 

^B            origin,  101 

liquefacicTis,  370                 ^^^H 

^^t         AtodmIIc    metabolic    products. 

aroma-prod  ucmg.  320          ^^^H 
alerrimus,  305,  \t8               ^H 

H 

bernensis,  320                           ^^H 

^H         Arthroepores,  25 

^H            etaiiuiig,  470 

butyrica^  305,  32S,  3M;  I^H 

^K       AKdtic  fluid  AS  medium.  485 

38                                           I^H 

^B      Aacococcus  IliUrothli.  179 

cadaveris  butyrirua,  345        ^^^^t 

^^^^^M  ^ 

Bacillua     capsulalus    chinenaia, 

Bacillus  loxiacida,  259                        ^H 

228 

luteus,  268.  305                                ^^M 

capmile,  228 

malanV,  320                                     ^H 

carpinome,  of  Scheurlen,  326 

maUei,3S4                                     ^H 

Chauv(Gi,306,330,  339;  PI. 45 

maximus  buccalis,  461                     ^^M 

cholenp,  353 

melanosporus,  328                         ^^H 

gallinarum,  210 

davilorniis.  310 

membranaceus  amethyalinua,       ^^| 

eoceineus,  272 

279 

colon,  243 

mobilia,  279 

comma,  353;  Pis.  47-51 

meeenterious,  305,  32«i  PI,  43 

conatriftuB,  268 

niger,  328 

pnnia  viacosi,  325                             ^^h 

ruber,  327                                    ^M 

devorana  Zimmennaun,  267 

vulgatis,  PU.  38,  42  ^M 
mycoides,  305, 316;  Pla.  37, 38         ^H 

ccdeniHtia  maligni,   306,   330,        ^H 

dyaonteria?  Shiga,  251 

341;  PI.  46                          ^M 

eclampsiB,  300 

differenlial  diagnoBiB,  343        ^^H 

emphyseinatis  maligni,  343 

new.  344                                      ^M 

enteritidis,  251 

of  blue  milk,  289                             ^H 

of  ferret  plague  251  ^H 
of  frog-spawn  diseaae,  23                 ^^M 

aureus,  288 

liquefaciena,  285;  PI.  25 

of  greenish-blue  pus,  231                  ^^M 

longiiH,  288 

of  grouse  disease,  259                    ^H 

friburgcnsis,432 

of  intestinal  diphtheria,  254            ^H 

fuacua,  271 

of  mouse  plague,  259                        ^H 

gallinarun),  211 

of  pigeon  plague,  355                      ^H 

of  pneumonia  in  rabbits,  204            ^H 

68 

of  spontaneous   rabbit  septi-        ^^U 

GauBtttdt,  255 

ceinia,  252                                       ^H 

of  tuberculoais,  128                           ^^1 

getiiculatua,  304,  326 

of  vellow  fever,  256                           ^H 

gracilis.  337 

milk.  267                                         ^M 

^tiiis,473 

olea^,  471                                             ^H 

orthobutvlicua,  348                           ^H 

hay,  317:  Pis.  39,40 

oxalaticus,  305,  323                          ^H 

phleKmonia   emphyaemtosffi,         ^^H 

iniplexus,  320 

306,344                                     ^H 

piscldicus,  345                                  ^H 

key  to  diagnosis,  304 

plicatua,  270                                 ^^H 

lactic  acid,  PI.  14 

iBcticiis,  224 

potato,  323 ;  Pis.  38,  42                  ^H 

laetia  erythrogenes,  268 

pseudanthracis,  315                         ^^H 

niger,  328 

lepra,  421 

paeudodiphtheriticua  acidum-      ^^H 

leptoaporua,  320 

faciens,  407                              ^^H 

liodermoa,  305,  338 

lividus,  279 

33 

i 
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Bacteria,  activities,  optical,  66 

pseudo-influenza,  202 

thermic,  58 

pseud  opiieumonicus,   228 

adaptation  in,  43 

pseudotetsnus,  337 

adeninin.SO 

uerobic.  41,42 

410 

albumin  in,  29 

ovia,  410 

alkali  fornmtion  by,  09 

ammonia  formation  by,  69 

ftrtidus,  259 

anaerobic,  41,  42 

aromatic  metabolic  products. 

mdioicola,  83 

79 

rudicoaus,  316 

ash,  30 

rubiRinosua,  272 

black-growing,  68 

gflctliarobutyricus,  348 

seasilis,  320 

Brownian  motion,  65 

BDiegma,  424 

capsule,  22 
cen;20 

BporogencB,  346 

cellulose  in,  29 

Bputigcnua  croasufl,  228 

central  fluid,  20  _ 

Pftnsini,  228 

chemical  composition,  29 

aubflavus,  268 

cholestearin  in,  29 

subtiliB,  305,  317;  Pis.  39,  40 

class ifical ion,  diHiculties,  116 

suipcBtifer,  252 

cullivation,32,  482 

tenuis,  304,  320 

defimtiou,  17 

determinaticm  of  number,  487 

tetam,306.330,332;  PI.  44 

dextran  in.  30 

distilled  water  and,  40 

tuberculosis,  410;  PI,  61 

dried,  life,  40 

fatty  acids  in,  29 

dry  substance,  30 

effects  of  other  bacteria  on,  4S 

in  sei^tionB,  482 

in  sputum,  staining,  480 

electrical  influences,  46 

potato  water  for,  483 

enantobiosis,  49 

staining,  480 

envelope,  22 

wax  in,  29 

extractive  substances  in,  29 

typhosus,  197,  232;  Pb.  16, 

fal-decom position  by,  80 

17.        Sec    also    BtKUrium 

ferments,   59.     See  also  Ftr- 

violaceits,  279 

mentt. 
fission,  24 

vulgaris,  295 

flagella.  23 

vulgatas,  305,  848;  Hs.  38. 42 

forms,  18                                      1 

temperature  for,  44 

gases  and.  41 

water.Kiel,  PI.  22 

grape-sugar  in,  29 

wat«r-red,  277 

gufinin  in,  30 

lymogenie  varieties,  306 

guide  to  recognition,  490 
EemiMUulose  in,  29 

WUviiiM,  54 

inconstancy  of  species,  117        . 

chomieal  56.  58 

i        nom  undulating  membrano. 

injury  to,  by  chemicals,  37 

L          S6 

isolation  of,  in  culture,  4S7 

INDEX. 


499 


Bacteria,  lecithin  in,  29 

life  of,  conditions,  32 
duration,  32 
on  media,  40 
temperature  and,  44 

light  and,  46 

mechanism  of  action,  48 
testing  sensitiveness  to,  47 

mechanical  influences,  46 

mesophilic,  temperature  for ,44 

microscopic  examination,  474 

molecular  motion,  55 

morphology,  17 

motility,  23 

nomenclature,  119 
rules,  119 

nonmotility,  24 

nourishment-deficiency     and, 
40 

nucleus,  21 

of  acetic  acid,  260 

outer  surface,  23 

oxygen  and,  41 

pathogenesis,  92 

pathogenic  action  on,  92 

peripheral  appearance  of  col- 
onies, 493 

phosphorescence,  56 

photogenic  function,  56,  57 

pigment  production,  66-69 

plasmolysis  in,  20 

preparation  of  stained  speci- 
mens. 477 

pseudoaichotomy  in,  19 

psychrophilic,       temperature 
for,  44 

ptomain  formation,  71 

quantitative  composition,  30 

resembling  diphtheria,  403 

resistance,  103 

rod,  124,  193 

Hontgen  rays  and,  46 

salts  in,  29 

screw,  125,  352 

shaking  and,  46 

spherical,  122, 133 

spore-formation  in,  25 

staining  with  Gram,  478 

sulphur  in,  30 

sulphuretted  -  hydrogen    pro- 
auction,  76 


Bacteria,  sunlight  and,  46 

svmbiosis,  49 

thermophilic,  temperature  for, 
44 

toxalbumins,  73 

toxins,  71,  73 

triolein  in,  29 

tripalmitin  in,  29 

tristearin  in,  29 

urea-fermentation  by,  69 

vegetative  multiplication,  24 

vinilence  of,  variation  in,  94 

water  content,  29,  30 

water-deficiency  and,  40 

weakening  of,  by  chemicals,  37 

well-water  and,  40 

xanthin  in,  30 
Bactcriaceae,  124,  193 

critical  remarks,  125 

flagella  classification,  125 
Bacterial  cell,  granules,  21 
membrane,  22 
swelling,  22 
metachromatic  bodies,  21 
sporogenic  granules,  21 
structure,  20 

metabolism,    chemical   activ- 
ity, 64 
Bactericidal  bodies,  origins,  108 
in  sera,  demonstration,  107 
Bacteridium,  125 
Bacterio-fluorescein,  68 
Bacteriologic  technic,  474 
Bacterioplasmin,  73 
Bacterioprotein,  73 
Bacterium,  124, 125, 193 

aceti,  261,262 

lactici,  196,  220, 229;  PI.  14 

spgyptiacum,  195,  204 

aerogenes,  196,  221;  229 

agile,  265 

alcaligenes,  257 

aurescens,  272 

aureum,  272 

avicidum,  210 

bipolare  multocidum,  210 

brassicse  acidie,  251 

bruneum,  271 

brunificans,  199,  292 

butyri  colloideum,  225 
fluorescens,  286 


^^^■^^^^^^^^1 

■500                                                                          ^^^^^H 

Bacterium  cKfuleum,  19S,  280 

Bacterium  miniaceuni,  277 

c&niculie,  197,  260 

carnoaum.  270 

multocidum,  210 

caucasicum,  223 

murisepticuiu,    200,  300;    PL 

cavicida,  223 

33                        -^m 

cholera  suura,  197,  2S2 

niust«licida,  251                    ^^M 

chrysogltea,  198,  272 

doBCx,  265 

neapolitanum,  223                   ^^H 

coii,  197.  243;  Pis.  18,  19 

nitrobacter,  195,  200             ^H 

dilTerentmtjon  of  typhosus 

nubilum,  IBS,  269                     ^M 

dysentericum,  251 

oehrnceum,  198, 870               ^H 

poluris,  252 

of  Barbone  ia  buffalo  disCMfl^'^l 

serum  diaKnosis,  249 

210                              ^^ 

cremoides   198 
nobis  ad  interim,  267 

of  brick-pork,  304 

of  calf  dysentery.  256 

cuniculicida,  210 

of   dermatitis    epidemiOB  ex- 

denitrificans, 289 

foliativa,  223                        ^^^H 

of  Giard.  231                        ^H 

duplex,  1B6,  208 

of  red  pus,  277                         ^^H 

«K«pun>,272           

of  septicemia,  223                 ^H 

>1.33                 '        '        ' 

oza-me,  228                              ^H 

Pasteurianum.261,283         ^H 

erythrogcnes,  108.  268 

pestia,  196.  213;  Pi.  13          ^H 
Hiigeri,  231                              ^H 

reiruKineum,  109,  398 

fluorescens,  199,  28S;  PI,  25 

phosphoresce  ns,  19S,  SSt        ^^H 

non-liqupfacieiw,  PI.  26 

piseatorum,  277                           ^^ 

pulidam,  PI.  2fl 

Fraenkelii  Hashimoto,  129 

piieumonifD,    196.    225,    8W; 

PI.  15 

fuli-um,  270 

protligioaum,  108.  272:  PI.  21 

GOntheri,  196,  SfiS 

hEemorrhaKicum,  212;  PI.  20 

1 96,  818 

hrfvolum,  198. 268 

pmietatum,  197,  291 

Hesaii,  231 

icteroiiies,  197, 256 

pyocyaneum,  199,  281;  PL  34 

in  melcena  neonHtorum.  259 

ranceus,  263 

indicum.  277 

rauicida,  287 

rhinosclcj-omatts,  229 

influenia,  196,  202;  PI.  68 

rosnceum,  277                       _^H 

Unthinum,  279 

key  to  recoenilion.  195 

Kiiien»e,276;P1.22 

gepttcxmix    hsmorrha^M^^^I 

196.  808;  PI.  12               ^H 

KUtKin^anuni,  261 

Stutzrn,  268                             ^^M 

lac^  acidi,  224 

Euicida.  209                                ^M 

saponacei,  19ft,  260 

sui^'ptieuA,  209                    — ^^| 

lftt«ricium,  108.272;  PI.  20 

syncyaneuni,    199.   289;    K^^l 

27,28                                    ^H 

levans,  255 

n-nxanthum.  367                   ^^H 

luteum,  198 

^^^■g^^^^^H     ^^1 

^^^_ 

^ 

^^I^^^^P 

Bacterium  tremelloideH,  271 

turcosum,  197, 267 

^M 

tuBsis   convulsivic,   195,   205; 

Brain  as  medium,  435                        ^^1 

PI.  68 

Branching,  19                                     ^^H 
Brick'pock,  304                                 ^H 

typhi,  197,232;  Pla.  16,  17 

deraonHtration,  237 

differentiation   from  bacl^ 

'     ^1 

rium  coli,  239 
murium.  258 
serum  diagnosis,  240 

Broncho-pneumonia,  diphtherio,   ^^H 

Brownian  motion,  56                      ^^^| 

preparation,  241 

Bubonic  plague,  213                       ^^H 

ulrens  cancroBi,  196,207;  PI. 

Buflalo  disease.  210                         ^^M 

68 

Bunge's  granules,  22                         ^^H 
method  for  flagella,  479 

violaceum,  198.  277;  PI.  23 

viridans,  285 

mordant,  476 

vitulinum,  197,  264 

Butter  organism,  431 ,  433 

vulrare,  199,  200,  205;  PL  31 

Butyl  alcohol,  formation,  88 

mirabiUa,  PI.  32 

Butvrie    acid,    anaerobic    pro- 

xylinum, 263 

ducers,  345 

Zopfii,  199,  293;  Pis.  29,  30 
Beef  touilbn,  483 

bacillus,  PI.  33 

formation,  86, 88 

Beer  wort,  483 

Beggiatoa  albs,  461 

nivea,  462 

CAnAVERIN,  72                                          1^1 

roseo-pemcina,  462 

Capsule  bacillus.  228                          ^H 

Trevisan,  458 

Capsule-bacteria,  22                        ^M 

Behrine's  aeepsis  test,  38 
test  for  serum,  102 

Capsules,  demonstration,  478          ^H 

Carbohydrates,  acids  from,  S5        ^^H 

Beijerinck'B  water  agar,  485 

Beri-beri,  468 

gas-production  from,  89              ^^H 

Biiitieurin,  72 

Carbol-fuchain,  475                        ^H 

Bipolar  germination,  27 

Carbon  dioxid,  bacteria  and,  43     ^^1 

Bismarek  brown,  476 

Carbonic  acid  from  cellulose,  89      ^^H 

Black  pigment,  68 

from  fermentation^  90              ^^U 
Carcinoma  bacillus  of  Scheurlen,   ^^H 

Black-growinK  bacteria,  68 

Bleeding  host.  276 

326                                                  ^^M 

Blood -serum  as  medium,  485 

Carmin,  alum,  476                           ^^M 

Blue  litmus,  reduction,  77 

Carotin  pigments,  66                      ^^^H 

Catarrhal  sweUing,  407                  ^^H 

milk.  Pis.  27,28 

Cattle  plague,  472                            ^^M 

bacillus.  Z8S 

pneumonia  in,  469                       ^H 
Cellulose  decom  position,  S8            ^^H 

pigment,  67 

Bodv.  disposition  after  autopsy. 

in  bacteria,  29                            ^^M 

489 

Cerebral  nutrient  medium,  486      ^^H 

Botkin's  method  for  sections,  481 

Botulism,  337 

PI.  68                                             ^H 

prophylaxis,  98 

Chancre,  soft,  207                             ^^H 

Cheese,  ripening,  349                       ^^H 

cultureji,     descriptive     terms 

Chemical  activity  of  bacteria,  SS  ^^H 

used.  131 

Chemotaxic  figures,  56                   ^^H 

employment,  486 

Chemotaxia,  n^ntive,  S6          ^^^^H 

I  502 

^H  CheiRotoxia,  positive,  56 

H  Chi(;keDcholera.20S,210;  PL  [2 

H  Cholfra.  353:  PIs-  47-51 

^H  agelutination  teat  in.  374 

B  chicken.  208,  210;  PI.  12 

^1  cuiture,  preliminary,  372 

■  hog,  252 

^M  laboratory.  363 

^1  nostras.  368 

^H  serum,  obtAininK,  373_ 

H 

■  Cho 

■  Cho 

■  Cho 

W  '^^^■ 


vibrio,  life,  on  glaae,,  41 
Cholera-red  reatlion,  79 
Choleatearin  in  bacteria,  29 
Cholin,  72 

ChromofEenic   (unction,  fluctua- 
tions, 68 
Cladothrix,  128,458 

(lichotoma,  4B5 

invulnersbilia,  455 

liquefaciens,  446 
Clearing  agents,  477 
Clostridium,  125 

hchenifomie,  349 
Coccacee,  122,  133 
Collidin,  72 
Colon  bacillua,  243 
Colorless  growths.  69 
Comma  bacillua.  353;  Pis.  49-51 
Conjuncti\-itiB,  207 

epidemic.  205 
Coiynebacterium.  128,  883 

iliBgnoais.  3S4 

dipTitheriK,  3S4,  S80;  Pis.  58- 
60 
immunity  ag&inst,  400 
metachromatic  |fr»'i<t'es,301 
mixed  infection,  307 
special  diagnosis,  401 
toxins.  395 

mallei,  384;  PI.  57 


Cultures,  plat«,  487 

stab,  487 

streak,  487 

technic,  487 
Cytoryct^  variole  Guanueris, 


Dahmbk's  enncentralion  o(  tu- 
bercle bacilli,  480 

Davaine's  septicemia,  21 1 

Deforming  synovitis,  excitant, 
146 

Denitrification,  82 

Dexlran  in  bacteria,  30 

Dextrorotatory  lactic  acid,  87 

Diastatic  ferments,  62 

Diblastic  theory,  50 

Dichotomy,  19 

Differentiating  a^nta,  476 

Diphtheria,  389;  Pk.  5»-60 
animal.  398 

bacteria  resembling,  403 
diagnosis.  401 
granules,   Neiaser' 


for, 


t,400 


»;pis.58-fto  I  i);^;;i;^',25i 

calf,  256 


481 

immunity  aj 

intestinal,  254 

mixed  infection,  307 

toxin,  75,  395 

wound,  397 
Diplococcufi,  123 

albicans  tardiadmus.  168 

definition,  1» 

intracellularis       meningitidia, 
148 

pemphigi  acuti,  188 

pneumonia,  143;  PI.  2 

roseus,  190;  Pla.  58-60 
Disinfectants,  definition,  37 
Distilled  water,  bacl«ria  and,  40 
Druse,  142 

Drueestreptococcus,  142 
Dungcm'fl  spedfic  serum  reac- 
1,107 


I   I'kTi.AUPSiA  bacillus,  300 

I   I<>zeinntous  ophthBlmitis,  467 

1  Edema,  maligiiant.  341;  PI.  46 
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Ehrlich-Koch's  method  for  tu- 
bercle bacilli,  480 

Ehrlich's  solution,  475 
test  for  serum,  103 

Eisner's  gelatin  medium,  484 

Emulsin,  63 

Enantobiosis,  49 

Endocarditis,  186 

Endospores,  25 
investigation,  26 
staining,  479 

Enzymes,    59.    See    also    Fer- 
ments. 

Eosin,  476 

Equatorial  germination,  27 

Ernst's  granules,  21 

Erysipelas,  swine,  302;  PL  33 

Ethyl  alcohol,  formation,  86 

Family,  definition,  115 
Farcin  du  Boeuf,  447 
Farcy,  PI.  57 
Fats,  decomposition,  80 
Fatty  series,  gas-production  by, 
89 

acids  in  tubercle  bacilli,  29 
Fermentation,  86 

anaerobes  and,  31 

definition,  64 

essential  for,  64 

in  sugar  media,  64 

lactic  acid,  87 

oxidation,  66 

products,  59 

splitting,  65 

tube,  90 

urea-,  69 
Ferments,  albumin-dissolving, 
59 

definition,  59 

diastatic,  62 

inverting,  63 

proteolytic,  59 
fluctuation  of  production,  61 

rennet,  63 
Fermi's  test  for  proteolytic  fer- 
ments, 60 
Ferret  plague,  251 
Fibrin,  stain  for,  482 
Fischer's  bacteriacese  classifica- 
tion, 125 


Fission,  24 
Fission-fungi,  higher,  467 

diagnosis,  458 
Flagella,23 

mordants  for,  476 

staining,  478 
Flax,  rettmg,  351 
Fluorescent  pigments,  68 
Foaming  liver,  344 
Foot-and-mouth  disease,   149, 

252^  470 
Formic  acid  formation,  86 
Fowl  tuberculosis,  418 
Fr&nkel  and  Gabbet's  tubercle 

bacilli  staining,  480 
Frankel's  pneumococcus,  143 
Friedlander's  bacillus,  225;  PL 

15 
Frog-spawn  disease,  bacillus,  23 

fundus,  150 
Fuchsm     and     methylene-blue, 
aqueous  alcohohc,  475 

anilin,  475 

carbol-,  475 

for  smear  preparations,  477 
Fungi,  classification,  115  % 

description  of  varieties,  129 

families  of,  formation,  122 

fission,  higher,  457 
phosphorescent,  56 

frog-spawn,  150 

genera  of,  formation,  122 

ray, 439, 440 
Funmcle,  184 


Gabbet  and  Frankel's  tubercle 

bacilli  staining,  480 
Galtcoccus.  142 
Gangrene,  hospital,  468 
Gas.  analysis,  91 

phlegmons,  344 
Gas-production    from  carbohy- 
drates, 89 
Gaustadt  bacillus,  255 
Gelatin,  advantages,  486 

as  medium,  483 

liquefaction,  61 

plate  cultures,  487 
Gelatinous  media,  employment, 

486 


^^^^■^^^^^^^^^^^^^^^H 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^M 
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■              "Gelbe  Gait,"  142 

Hog  cholera,  252                         ^* 

Genera,  biologic,  119 

flumaa  scrum,  obtAining,  102 

GentiaD-violel  anilin,  47S 

Hydrf^n  from  fermentation,  90 

GenoB.  definition.  115 

peroxid  from  light  action,  48 

Glanders.  384;  PI.  57 

HyphomycPles,  126,  127 

fowl.  39g 

Glyrerin-agw,  484 

from,  77 

Glycerin-ascite»-Ae»r,  4SS 

employnient,  486 

Immusitv,  acquired,  98               ^^ 

Gonopoccus,  164;  PI.  10 

active,  OS                                    d^| 

Gonorrhea.  I&t 

cau.<«s,97                               ^M 

Gram's    method    tor    aeclions, 

inc>«asein,98                      ^M 

481 

passive,  99                           .^^H 

reUtivc,  96                          ^^H 

482 

specific,  98                               ^^H 

solution,  476 

bacterial,  103                      ^^H 

stain,  bacteria  staining  with, 

poison,  99                            ^^1 

478 

for  smear  preparation!!,  4T7 

Indol,  72,  79                             ^H 

Gram-Weigert  method   for  sec- 

tions, 482 

demonstration,  79                ^^^1 

Granules,  21 

reaction,  372                            ^^H 

Grape-flUgar  agar.  48* 

Infection,  92                             ^^M 

in  bacteria.  29 

animal,  489                            ^^H 

Grass  organism  1,433 

disease  of  cattle,  new,  210      ^^M 

Inflammation,  184                      ^^M 

Greenish-blue  pus,  bacillus,  281 

Influenxa,  202;  PI.  03              ^^M 

Gruber  and  Bordet's  agglutina- 

Injection, intraperitoneal,  480^^^| 

tion  theory,  108 

subcutaneous   489                  ^^H 

Gruber-Durham      agglutination 

Intestinal  diphtheria,  254         ^^H 

test  in  cholera,  374 

demonstration  of   agglutinin. 

Iron  in  bacteria,  30                      ^^H 

105 

Guanidin,  72 

Guanin  in  bacteria,  30 

J.iNTHlS,  67                                                 ^ 

Johne's  method  for  capsules,  478 

H*prai.VE's  cholera  toxin,  364 

h£??5?S'^" 

Kiel  wat^r  bacillus,  PI.  22 

Hanging  drop.  475 

KQhne's  silicic  acid  medium,  485 

Haufier's  method  for  endonpores, 

479 
Hav  bacillus,  317 ;  Pis.  39, 40 

Gram'  section  methoiJ,  482 

decoction  as  medium.  483 

Heat-resisting  substances,  98 

Lactic  acid,  dextrorotalory.  87 

HemiceUulose  in  bacteria,  29 

fermentation,  87 

Hemp,  retting,  351 
Hepatitis,  185 

levorotatorv,  87                    ^^_ 
production,  86                    ^^H 

^^^ 

^^^^^1 

^^Bi^^^H  ^H 

^1 

1 

H^^^P                    INDEX. 

I.aaclitsfhenko's  serum  diBgnads 

Media,  nitrogen  production  in,  89     ,^^H 

of  typhoid,  240 

nonalbuminous,  482                        ^^| 

I>ecithiii  in  bacteria,  29 

nutrient,  32,  482                             ^H 

Legume-tubercles,  84 

arid,  36,  37                                  ^H 
alkaline.  35                                  ^H 

Leprosy,  421 ;  PI.  62 
Leptothnx,4SS 
buecalis,  461 

emplovment,  486                        ^^H 

epidermidis,  458;  PI.  69 

neutral,  3.5.  37                              ^H 

pigantea,  461 
innominata,  461 

reaction   35                                   ^H 
solid,  employment,  486                  ^^| 

maxima  buccalis,  461 

sugar,  fermentation  in,  64              ^^1 

Meningitis,  Fl.  68                                ^H 
cerebrospinal,  148                          ^ 

placoides  alba,  461 

Mercaptan,  77 

lagerheimii  Ludwig.  151 

Mcrista,  123 

Levorolatory  lactic  acid,  87 

MesDpbilic    bacteria,    tempera- 

Lieben'B iudoforin  reaction,  86 

ture  for,  44 

Light,  bacteria  and,  46 

Metabolism,  bacterial,  chemical 

Liquefaction  of  gelatin,  61 

activity,  64 

Methane  from  ft-rmentation,  90 

in  titration,  35 

Methylene-blue,  acetic  acid.  476 
and    fuchaiH,    aqueous    aluo- 

whey,  483 

Loffler's  baciUuH,  389 

hohe,  475 

method  for  flagella,  478 

for  smear  preparations,  477 

LolRer's,  476 

for  sections,  481 

methylene-blue,  476 

reduction.  77                                      ^H 

mordant,  476 

Micrococcus,  123.  IA3                          ^H 

Bcnim  mixture,  485 

acidi  lactis,  175                            ^H 

Lophotrichia,  24 

paralactici,  142                            ^H 

Lyaogenic  material,  107 

liquefaciens  Halensis,  224     ^H 
agilis  Ali-Cohen,  192                     ^H 
^bicans  amplus,  168                      ^H 

M*,DnHA-FooT,  440.  462 

Magnification,  474 
Mdignant  edema,  341;  PI.  46 

ascoformans,  179                          ^H 

aurantiacus,  164                              ^^H 

Mallein.  73,  888 

Cohn,  189                                      ^H 

Malta  fever,  169 

badiiis,  im,  178                              ^H 

Manure  organism,  433 
Marmore^s  serum,  140 

birolor,  164,  189                              ^H 
biskra  Heydenreich,  188               ^H 

MarsK-gaa  from  cellulose,  89 

eerasinua,  164, 193                         ^H 

citreusaeilis,  178                        ^^1 

Measle-s,  469 

eoucentncus,  163, 174                  ^^1 
candicans,  163,  1(19;  PI.  9           ^H 

Meat  bouillon,  483 

55 

coraJlioides.  175                        ^H 

Media,  albuminous,  483 

eoronatus,  164, 176                       ^^H 

essential  constituents,  33 

fluid,  employment,  486 

cyaneus,  164, 198                       ^H 

influence  of,  on  liquefaction, 

cvanogenUB,  193                           ^^^1 

61 

erythromyxa,  164,  lU            ^^^^1 

I,  1S3, 174 
RMM^  IN,  190,  UC;  PL  11 

BorntlM&i.  142 
aubfUwe,  188 
mtfureiH,  IM,  178 

Urdigndus,  178 
UtragCTlua,  163,  171;  PI.  7 

■Ibua.  173 


viticuldstw,  163, 174 


MicroMtope,  deaning,  47S 
Hicroacopie  examination  for  rec- 
ognition of  bacteri»,  490 

t«clinic,  474 
HirnMpira,  12A.  352 
HtRula  •   hiuTteriacese   clM8ific&- 

tion,  215 
Hilk  OS  mndium,  4^ 
einplnifiKont,  4ftA 

bitter,  inicrococcuB,  174 
Htlk-«uenr  ognr,  iM 
Molecular  motion,  56 
Honotrichitt,  24 
Mnrdantji  for  (Injtclln,  i76 
>  4ont4, 477 


NsaATm  chemotkriB,  S0 
Xeiner's    stain    for    diphtheria 

granules,  481 
Neuridiu,  72 

NieoUe's  method  fora«:^oa9, 481 
Nitrates,  free  nitrogen  from,  82 

reduction,  78 
Nitrification,  SI 
Nitril«s,  demonstration,  78 

free  nitrogen  from,  82 
Nitrobacter,  81 
Nilro^n,  84 


europips,  200 
•        „  471 


Non-albuminous  media,  483 

emplovmcnt,  4fi6 
Nuclein  in  IwwteriB,  30 
Nuclei  IS,  21 

NiiirJent   mrdia,  32,   4SI.     See 
abo  Media. 
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Oblique  germination,  27 

Oil-immersion  objective,  474 

Old  tuberculin,  417 

Oospora,  128 

Ophthalmitis,  phlyctenular,  467 

Optical  activity,  56 

Osteomyelitis,  184 

Ovarian   cysts,    fluid   from,   as 

medium,  485 
Oxidation  fermentation,  66 
Ozena,  228 


Packet,  definition,  151 
Panaritium,  277 
Paraplectrum,  125 

foetidum,  349 
Parasites,  obligate,  32 
Parotitis,  epidemic,  471 
Parvolin,  72 
Pasteuria,  25 
Pediococcus,  123 

flavus,  177 
Pemphigus,  184,  188 
Penae's  ulcer,  188 
Peptone  from  albuminous  bod- 
ies, demonstration,  60 

water,  483 
Pericarditis,  184 
Periostitis,  184 
Periphery  of  colonies,  493 
Peritrichia,  24 
Perlsucht,  415, 416 
Pest^213 
Pfeiffer's  cholera-serum  test,  373 

demonstration    by    bacterial 
bodies  in  sera,  107 

preparation  of  typhoid  serum, 
241 
Phagocytosis,  97 
Phenol,  79 

demonstration,  79 
Phenolphthalein  in  titration, '35 
Phlegmon,  184 

chronic,  445 
Phlyctenular  ophthalmitis,  467 
Phosphorescent  bacteria,  56 
Photobacterium,  57 

javanicum,  231 
Pigeon  plague,  255 
Pigment  production,  66-69 


Plague,  213 

cattle,  472 

ferret,  251 

mouse,  259 

pigeon,  255 

swine,  252 
Planococcus,  123 
Planosarcina,  123 
Plants,  diseases,  471 
Plasmolysis,  20 
Plate  cultures,  487 
anaerobic,  488 
descriptive  terms  used,  131 
for  recognition  of  bacteria, 
491 
Pleuritis,  185 
Pneumococcus,  143;  PL  2 
Pneumonia,  143, 185, 196,  225 

in  cattle,  469 

in  rabbits,  204 
Poison,  normal,  102 

resistance,  99 
Polar  germination,  27 
Polyvalent  serum  140 
Porcelain  coccus,  171 
Positive  chemotaxis,  56 

thermotropism,  56 
Potato  as  medium,  484 
employment,  486 

bacillus,  323 

cultures,     descriptive     terms 
used.  131 

water  tor  tubercle  bacilli,  483 
Predisposition  to  infection,  96 
Preparations,  examination,  475 

smear,  477 

solutions  for,  475 
Prodigiosin,  275 

pigments,  67 
Propionic  acid,  formation,  86 
Proteoljrtic  ferments,  59 
Proteus,  199 

hominis     Bordoni-UfTreduxzi, 
300 
capsulatus,  228 

mirabilis,  300;  PI.  32 

vulgaris,  295;  PI.  30 

zenkeri,  300 
Pseudodichotomy,  19 
Pseudodiphtheria    bacilli,    403. 
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R*rwp-ni.,  472 
RaMtrhbranl.  »W 
R*T  funriM, '!-'»,  *W 
Red  milE  baHllitt,  2tX 

fngmrnt,  W 

p<M  b«rtpfiura,  Z77 

WBter-bMHUtM,  277 
Bediintion  pfofpwf,  77 
Rennrl  f«rmetitJi,  83 
RomtMuw,  96.     See  alM  /ntmu- 

ScUing  nf  flat  and  hf^mp,  351 
RheuRUtir  Krt&nun.  33.S 
Rhmnuitiwn,  acute,  472 

anicular,  \U.  MS 
Rhinilia,  otrnpliic.  22S 
Rhlnf*r|.Tf.mn,  229 
Ririn.  arlinti,  IIX] 
Rieki-bi,  472 
RmlbsctTia.  124.193 
RAntgen  rays,  cfft;^  on  bacteria, 

M 

SAntANIN.  470 
SaUvn  npirvMlMTtc,  381 
»alu  ill  V/ti'KTin.  20 
SatiBft-l1i'«l>n(-illiui,260 
8jipro[,hyi.ii,  33 
Snmnn,  123,  151 

•IUb,  IU,  I«3 

sursiitioiMi,  154,  100;  P\».  4,  5 

Kuma.  1A2 

aunwTti*  funon.  162 
fnomrcni,  1A2 

I.  153,  lit;  PI.  S 


kn.  154.  Ut;  Ft  3 
Mra.tH.l3* 

hc^  (o  mognitioa.  153 

liMM,15t.  !>;;  PL  5 

ne«i^  l&t.  1« 

nrfmoniuD.  153.  lU;  IV.  6,  • 

KHEA,  154. 162.  Itt;  FL5 

lypic.  ISK 

rariWuOiclSS 

rcntricnti  Goodsir,  155 
SMrUtin«.47Z 
SfUsomjoelca,  17 


Srlerothrii.  I2S 

Kochii,  128 
Smw  bacUria.  125,  9Si 
9fTofali>iu  optithalmitis,  467    ! 
Aectiam,  prcpanitioa,  481, 1 
Sepatn.  72, 29S 
Septtcenus,  223 

nemorrha^e,  2S4 

mouse.  300;  PL  33 

rabbit.  208. 211;  PL  13 
ipoDbBDeoiH,  252 

vibrio,  366 
SeplicopyemU,  184 
Serum,  animal.  colWtion,  105 

cSeot  of  axygro  on  ftction.  109, 
110 

hiunan,  obtaining.  102 

immuDe.     dEtnonstnttioa     of 
bacU'ricidal  bodira  in,  107 

pot^alcnl.  140 

reaction  ui  cholera,  373 
Sh&ke  cultuivs,  su^nr-A^ar.  488 
Silicic  aciil  as  inediiiiii.  485 
ftilvcr  methoa  for  flogclU.  47B 
8UU>1.  72,  79  _ 

Smear  preparations.  477 
8mcffina  bacilltm,  424 
Siiiitli'B  preparslion  of  b 

4»2 
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Spirillaceffi,  125,  352 
Spirillum,  126,  352,  376 

cholerae,  353;  Pis.  47-51 

concentricum,  377 ;  PL  55 

endoparagogicum,  126 

hachaizffi,  379 

of  nasal  mucus,  Pi.  56 

nibrum,  378;  PI.  55 

nigula,  378 

serpens.  379;  PI.  56 

stomacni,  381 

tenerrimum,  379 

tenue,  379 

undula,  380;  PI.  56 

volutans,  380 
SpirochaDte,  126,  352,  381 

anserina,  381 

Obermeieri,  381 ;  PL  56 

of  saliva,  381 

plicatilis,  381 
Spirosoma,  126 
Splitting  fermentation,  65 
Spore-formation,  25 

conditions,  50 

of  Actinomyces  bovis,  444 

temperature  for,  51 
Spore-germination,     conditions, 

50 
Spores,  antecedents,  22 

attenuation,  95 

bipolar  germination,  27 

degeneration  forms,  28 

demonstration,  28 

equatorial  germination,  27 

^owth,  50 

m volution  forms,  28 

mature,  26,  27 

oblique  germination,  27 

polar  germination,  27 

resistance,  51,  52 
against  chemicals,  53 
test  for,  52 
to  gases,  53 
to  light,  53 
Sputum,     tul)ercle     bacilli     in, 

staining,  480 
Stab  cultures,  487 
anaerobic,  488 
descriptive  terms  used,  130 
Stained  specimens,  preparation, 

477 


Stains,  475 
Staphylococcus,  123,  180 

albus,  PL  9 

aureus,  PL  8 

bovis,  189 

cereus  albus,  170, 187 
fiavus,  187 

citreus,  178,  PL  9 

definition,  19 

pemphigi  neonatorum,  188 

pyogenes  albus,  180,  187 
aureus,  181 
citreus,  180, 187 

salivarius  pyogenes,  181 
Sterilization,  definition,  37 
Stomatitis,  ulcerative,  473 
Streak  cultures,  487 

descriptive  terms  used,  131 
Streptococcus,  123, 133 

acidi  lactici,  142 

agalactise,  142 

aggregatus,  142 

albidus,  143 

brevis,  140,  141 
definition,  19 

cinereus,  143 

con^lomeratus,  141 

eqm,  142 

gracilis,  134 

^anulatus,  143 

mtracellularis,  148 

involutus,  134, 149 

key  to  recognition.  134 

lanceolatus,  134,  143;  PL  2 

liquefaciens,  177 

longus,  141 
definition,  19 

magnus,  143 

mastitidis    sporadicse    GuiU., 
142 

meningitidis,  148 

cerebrospinalis,  PL  68 

mesenterioides,  135, 150 

palleus,  143 

pallidus,  143 

pneumoniffi,  143 

pyogenes,  134,  135;  PL  1 

stramineus,  143 

turbidus,  141 

tyrogenus,  143 

viscosus,  141 
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Streptothrix,  128 
albido-flava.  456 

Toxalbumins,  73                     ^^H 

obtaining.  74                          ^^^1 
Toxin-binding  group,  101        ^^^| 

BuranUaca.  456 

eitrea.  456 

Toxins,  71, 73                          ^^M 

Streptotricheffi,  127 
StroWhein's    concentration    of 

^^H 

tubercle  baciUi,  4S0 

obtaining,  74                       ^^H 

Toxophoric  side  chains,  101    ^^^^| 

ductioD  ajid,  77 

Trichorrhexis  nodosa,  473.       ^^^| 

liquefaction  of  gelatin  ntid,  62 

Triolein  in  bacteria,  29            ^^^1 

Sugar-war  shake  cultures,  488 
Suenr-^alk  agar,  434 

Tri  patmiUn  in  bacteria,  29      ^^H 

Tristearin  in  bacteria,  29         ^^M 

T  a  tuberculin,  73, 417             ^^H 

from,  77 

Trypsin,  60                                 ^^H 

formation  of,  influenceof  IB^^H 

diaon  61                              ^^M 

Tubercles,  Iqnime-,  84               ^^H 

Sulphites,    hydrogen        sulphid 

from,  77 
Sulphur  in  bacteria,  30 

Tuberculin,  73, 417                  ^^H 

from,  76 

Tuberculosis,  128, 4lO;  PI.  tt^^l 

Sulphuretted  hydrogen,  ana«r- 

obeaan<l,44 

418                                 ^^H 

production,  76 

placental,  415                      ^^H 

Suppuration,  184 

toxins,  417                              ^^H 

Susceptibility,  06 

Swine  erysipelM,  302;  PI.  33 

Tumor,  bony,  445                     ^^^H 

Typhoid  bacillus.  1»7,  332.    |^^H 

plague,  252 

also  Bacterium  lyphi.        ^^^H 
fever,  232.     See  aTso  OmM^H 

Symbiosis,  49 

Symptomatic  anthrax,  340;  PL 

45 

Typhus  exanthematicus,  473  ^^^| 

TyTosIn,  79                                 ^^1 

Synovitis,  defor.ming,  excitant. 
Syphilis,  426 

Tyrothrix,  304                         ^^1 

^^1 

frtain  tor,  481 

Ulcer,  188                              ^H 

Universal   mi^lhod   for  sectkl^^H 

481                                     ^^H 

Temperature, effect  on  bacterial 
life,  44 

Urase  71                                     ^^H 
Urea-fermentation  J  60              ^^^H 

Urine,  niiriti!  reaction  in,  83    ^^^| 

TeUnus,330.332;  PI.  44 

Uschinsk/s  solution,  33           ^^H 

prophylaxis,  98 

rheumatic,  335 

toxin.  74 

Vak  Erubkqeh'6  silvernuitl^^^l 

toxicity,  75 
Tetrad  definition,  19 

for  flagella,  479                   ^^H 

Thermic  activity  of  bacteria,  58 

Verruga.  424                               ^^H 

Thermophilic  bactf^ria,  tempera- 
ture for,  44 

Vibrio.  126,  352.  tSU               ^^| 

albcnsts,  353,  3?D;  PL  64    ^^| 

Thermotropism,  positive,  56 

aquatilis,369;P1.53            ^^| 

Thiothrix,  4M 

aureus.  375                             ^^H 

Tongue,  wooden,  446 

balticufl,  371                        ^^H 
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Vibrio  berolinensis,  369 ;  PI.  53 
choler8B,353;  PL  47-61 

demonstration,  371 

in  evacuations,  371 

in  water,  373 

resistance,  358 

toxins,  360 

varieties  related  to,  364, 365 

viability,  357 

vibrios  not  to  be  confounded 
with,  375 

virulence,  363 
danubicus,  369;  Pi.  53 
Fischeri,  371 
flavescens,  375 
flavus,  375 
helcogenes,  368 
indicus,  370 
key  to  diagnosis,  353 
lingualis,  353,  376 
lissabonensis,  368 
luminosus,  371 
Metschnikovii,  353,  866;  Pi. 

51 
nasalis,  353,  375 
proteus,  353,  867;  Pis.  51,  62 
romanus,  365 
rugula,  126 
saprophiles,  371 
serpens,  379 

spermatozoides,  375;  PI.  56 
terrigenus,  353,  871 
tonsularis,  353 
tyrogenes,  368 
Vinylcholin,  72 


Violet  pigments,  67 

Virulence,  94 
reduction,  94 
restoration,  96 


Water  agar,  485 
bacillus,  Kiel,  PL  22 

red,  277 
bacteria  and,  40 
cholera  vibrio  in,  373 
in  bacteria,  29 
Wax  in  tubercle  bacilli,  29 
Well-water,  bacteria  and,  40 
Whey,  litmus,  483 
Wooden  tongue,  446 
Wound  diphtheria,  397 


Xanthin  in  bacteria,  30 
Xerosis  bacillus,  406 
X-rays,  effect  on  bacteria,  46 


Yellow  fever,  256 
milk,  bacillus,  267 
pigment,  66 


Ziehl-Neelsen  staining  of  tu- 
bercle bacilli,  480 
ZiehPs  solution,  475 
Zooglea,  23 
Zymase,  65 
Zymogenic  bacilli,  306 
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